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2. SITE BACKGROUND AND PHYSICAL SElTlNG 

2.1 Site Background 

The INEL is a Government-owned test site managed by DOE. A large variety of laboratory 
activities and test facilities support DOE and other Government-sponsored research, development 
programs, and projects at the INEL. 

Most MEL facilities are operated by one of five Government contractors: Argonne National . ..^“̂ _. . iirboraiory-West; =3vd(v roano; Babcock and Wiicox idaho, inc.; -Westinghouse Eiectrtc Corporation; 
and Westinghouse Idaho Nuclear Company. These contractors conduct various programs at the 
INEL under the administration of three DOE offices: Idaho Field Office (DOE-ID), Pittsburgh Naval 
Reactors Office, and Chicago Operations Office. DOE-ID has responsibility for the INEL and 
flP.ifmltP. tn tile cn.rs-..m~nt “n”+r “,-t-... tl.,, “..rL..:c. l - ,...^_^.^ .a.- e:r- 
..-.6.‘Y.Y I” . ..1 ““,“,I,,,,U,,L w,,, IA*,“,.7 unr LI”LII”IILy L” “pr;laK LIIS 011.z. 

EG&G Idaho, a prime operating contractor and the Site services contractor for the INEL, 
provides a variety of programmatic and support services related to nuclear reactor design and 
develooment, nonnuclear energy developmenti materials testing and eva!uation nn~r&nnnt c&=+v 
and radioactive waste management. EG&G Idaho has current responsibility for opt%~~&ofR%C~ 

I,., 
2.1 .l INEL Location and Description 

The INEL Site occupies approximately 890 mi’ of the northwestern portion of the eastern 
Snake River Plain in southeast Idaho. The Site is nearly 39 mi long from north to south (extreme 
latitudes are 43” 26’ and 44” 01’ N) and about 36 mi in its broadest southern portion (extreme 
longitudes are 112’ 28 and 113” 9’ W). The INEL includes portions of five Idaho counties 
(Bingbam, Bonneviiie, Butte, Clark, and Jefferson) and lies within Townships 2 to 8 N and Ranges 
28 to 34 E, Boise baseline and meridian. Figure 2-1 shows the configuration for the INEL and 
identifies some of its major facilities. 

The s&ace of tbe IXEL is a relatively flat, semiarid, sagebrush desert, with predominant reiief 
being manifested either as volcanic buttes jutting up out of the desert floor or as unevenly surfaced 
basalt flows or flow vents and fissures. Elevations on the INEL range from 5,200 ft in the northeast 
to 4,750 ft in the central lowlands, with the average being 4,975 ft. The elevations of the SDA are 
between ci 010 nnd 5 n7fl ft --_ ..--.. -, -- I.._ .-,.,-- -.. 

2.7.1.1 History of the /NEL The INEL Site was established in 1949 as the National Reactor 
Testing Station by the U.S. Atomic Energy Commission as a site for building, testing, and operating . . . . various nuclear reactors, fuel processmg plants, and support fact!t!tes wr!h maximum s--,., ____ If&v lmi 

isolation. In 1974, the National Reactor Testing Station was redesignated as the Idaho National 
Engineering Laboratory (INEL) to reflect the broad scope of engineering activities conducted at the 
INEL. 

The U.S. Government used portions of the Site prior to its establishment as the National 
Reactor Testing Station. During World War II, the U.S. Navy used about 270 mi* of the Site as a 
gunnery range. An area southwest of the Navy’s area was once used by the U.S. Army Air Corps as 
an aerial gunnery range. The present INEL Site includes all of the former military area and a large 
adjacent area withdrawn from the pubhc domain for use by DOE. The former Navy administration 
shop, warehouse, and housing area is today known as the Central Facilities Area. 
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Figure 2-1. Facilities at the Idaho National Engineering Laboratory. 
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2.1.1.2 Physiography. The Snake River Plain is the largest continuous physiographic feature 
in southern Idaho (Figure 2-2) Tiiis iarge topograpltic depression extends tram the Oregon border 
across Idaho to Yellowstone National Park and northwestern Wyoming. 

The Snake River Plain slopes upward from an elevation of about 2,500 ft at the Oregon border 
!C OX: 5,500 ft 2: IICIX$S I..G~c XG the Montana-Wyoming border. ~,e Suake Ri\ler Piain is 
composed of two structurally dissimilar segments, with the division occurring near Twin Falls, Idaho. 
West of Twin Falls, the Snake River has cut a valley through Tertiary Basin fill sediments and 
interbedded volcanic rocks. The stream drainage is well developed except in a few areas covered by 
recent thm basalt BOWS; East of Ri!ssj Idaho, the mmp!e~On o. ____ r.-..- f the ,&in Channec I< the Grit.= R&.=r ..~..~- - . ..- V......” a...-. 

carves a vertical-walled canyon through thick sequences of Quaternary basalt with few interbedded 
sedimentary deposits. 

The INEL is located entirely on the northern side of the eastern Snake River Plain and adjoins 
the mountains to the northwest that make up the northern boundary of the plain. Three mountain 
ranges end at the northern and northwestern boundaries of the INEL: the Lost River Range, the 
Lemhi Range; and the Beaverhead Mountains of the Bitterroot Range (Figure 2-2). Saddle 
Mountain Peak, near the southern end of the Lemhi Range, reaches an altitude of 10,795 ft and is 
the highest point in the area. 

. 
The portion of the Snake River Plain occupied by the INEL may be divided into three minor 

physical provinces: a central trough that extends to the northeast through the INEL and two flanking 
slopes ihai descend io the irough, one from ihe mouniains io ihe norihwesi and the other from a 
broad ridge on the plain to the southeast. The slopes on the northwestern flank of the trough are 
mainly alluvial fans originating from sediments of Birch Creek and the Little Lost River. Also 
forming these gentle slopes are basalt flows that have spread onto the plain (Figure Z-3). The 
,andfn,.,,,r ,,n the w,,,then.t “on,, nf th.p ,rm.n)l .,,.a fn.y.~A I.., Imrnlr CL.... ..J.:nL . ..---A E--- I- .-..-_-.... I -.. . ..- “““...“.... L.Y.... “I . ..” .L”“&.. “L” .“SL a*” “J “YIIYI, I‘VVTY, wu1*11 .ylC‘l” LL”lU au 
eruption zone that extends northeastward from Cedar Butte (Figure 2-2). The lavas that erupted 
along this zone built up a broad topographic swell directing the Snake River to its current course 
along the southern and southeastern edges of the plain. This ridge effectively separates the drainage 
of mountain ranges northwest of the INEL from the Snake River. Big Southern But& and the 
Middle and East Buttes are aligned roughly along this zone; however, they were formed by viscous 
rhyolitic lavas extruded through the basaltic cover and are slightly older than the surface basalts of 
the plain. 

The central lowland of the INEL broadens to the northeast and joins the extensive Mud Lake 
Basin. The Big and Little Lost Rivers and Birch Creek drain into this trough from valleys in the 
mountains to the north and west. The intermittently flowing waters of the Big Lost River have 
formed a flood plain in this trough, consisting primarily of sands and gravels. The streams flow 
(intermittently) to the Lost River Sinks, a system of playa depressions in the northeast portion of the 
INEL, south of the town of Howe. There, the water either evaporates, transpires, or recharges the 
Snake River Plain Aquifer. The sinks area covers several hundred acres and is very flat, consisting 
of significant thicknesses of fluvial and lacustrine sediments. 

2.1.7.3 Formation of the Snake River Plain. Southern Idaho has been characterized by a 
bimodal basalt-rhyolite style of volcanism over the past 15 million years. This volcanism has occurred 
as two general periods. The first period consisted of the extrusion of rhyolitic lavas and tuffs 
in!e.qied by smg!!pr &p!!ic an~!&\p~ t&.’ hn.m rr\ntin..d ..-+:I -a-n..* L..,.* (1 em-,.- *~wJ-.\ . ..I.., . ..sII...IY..w. “.lL.. 1V11,lL LUUM \LhT‘,,‘z,‘ ‘ZWCO,. F,e 
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focus of this volcanism has progressed over time in a northeasterly trend from the Miocene to the 
PijetS iims and is curreniiy iwrted beneath the Yeiiowstone Piateau. The eruption of rhyohtlc 
lavas associated with this first period has occurred at the Yellowstone Plateau as recently as 70,000 
years ago (Christiansen, 1982). 

mme &&p P.&r p!ain k rnmposed of +...rr .+...-+..-^fL .d:^-:-:f”- 1-----L- %..” oLLUvLULanny UOLILlllllnt rr;(;mr;uw (Figme 2-2j. The 
eastern Snake River Plain is considered a down-warped structure and not necessarily bounded by 
faults. It consists of a series of rhyolitic calderas overlain by a veneer of basal& The eastern 
segment is a 60 mi-wide basin extending 200 mi from near Twin Falls, Idaho, to the Island Park 
Caldera north of Ashton. Idaho. 

The earliest dated rhyolitic activity on the eastern portion of the Snake River Plain began about 
10 million years ago in the Twin Falls area (Leeman 1982a). According to Leeman, this silicic 
volcanism was followed by basaltic lavas that extruded from vents along northwest-trending rift zones. 
The volcanic material is dominated by rhyolite ash flow tuffs and lava flows to a thickness of greater 
than 7,800 ft. The silicic volcanic rocks are overlain by as much as 2,000 to 3,000 ft of basaltic lava 
flows and interbedded sediments (Embree et al. 1982; and Robertson et al. 1974). 

Basaii fiows have erupted from four postulated rift zones that cross the Snake River Plain 
trending northvqt-southeast. These rifts are defined by the linear arrangement of vents, fissures, 
and graben (Kuntz and Dahymple 1979). Dating of basalt flows on and near the INEL yields 
eruption dates of 12,000 to 400,000 years ago. The Hells Half Acre flow, immediately adjacent to 
,,,p m,,t,,~~rt~rn ,h,C, L.-d--. :m ,3-.--l . . * l - ------ 
. ..” Y”“..I~“.TI”LLI Il.LY ““YU ‘my, ED “(II=” al ‘t,,uu yam. The youngest basaii iiows on the Snake 
River Plain occur along the Great Rift at the Craters of the Moon National Monument and are 2,100 
years old. 

2.7.7.4 S~rlace Gcw!G~,Y; The get! ___. “-._ _- e.,.,.VM yL ...” lllly in S~OWC iti FigUie 2-3. ,aral C,Wfm.P n,=nlnm. nF tt.0 TWTOT 
Much of the surface is covered by Pleistocene and Holocene basalt flows. The second most 
prominent geologic feature is the flood plain of the Big Lost River. Alluvial sediments of Quatemary 
age occur in a band that extends across the INEL from the southwest to the northeast. The alluvial 
deposits grade into lacustrine deposits in the northern portion of the INEL, where the Big Lost River 
enters a series of playa lakes. Paleozoic sedimentary rocks make up a very small area of the INEL 
along the northwest boundary. Three large silicic domes and a number of smaller basalt cinder cones 
occur on the INEL and along the southern boundary. 

2.1.7.5 Subsurface Geology. A number of wells have been drilled on the INEL to monitor 
groundwater levels and water quality. Lithologic and geophysical logs have been made for most of 
the wells drilled on the INEL. From those logs and an understanding of the volcanism of the Snake 
River Plain, it is possible to develop a reasonably comprehensive picture of subsurface geology. The w.y-v ,... INEL Jue is homogeneous in terms of mode of formation and types of geologic units encountered. 
The exact distribution of units at any specific site, however, is highly variable. 

The eastern Snake River Plain typifies a plains style of basaltic volcanism with the accumulation 
of basa!tic LIvW llllll=;llO.l~ UY ~1 ‘EC. gcuczlar mcmous: (aj flows forming iow-reiief shield voicanos, jbj n _.._ ..+,.-:..t. I.-..y- _.._..--I -.-. L-J- 

fissure-fed flows, and (c) major tube-fed flows with other minor flow types (Greeley 1982). These 
distinct flow types are often intermingled with the tube and fissure-fed flows tilling in the lower 
regions between low-relief shield volcanos. This results in a relatively low surface gradient often with . . . 
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Figure 24. Block diagram showing the relationship of low shields, major lava tube flows, and fmure 
flows as they relate to the plains style of basaltic volcanism (Greeley 1982). 
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cinders or scoria occur in plains type volcanism. This can be as relatively rare cinder cones or as thin 
accumulations between flows (Greeiey 1982). 

Basalt flows characteristically occur as layers of pahoehoe lava a few feet thick to tens of feet 
thick, with an average thickness on the order of 53 ft (Nate et al. 1956). The basalt tlows can be 
interlayered with unconsolidated sediments, scoria, and breccia. Considerable variation in iithoiogic 
texture occurs between different fiows as weii as within individual flows. 

The bases of many flows are glassy to tine gained and minutely vesicular. The midportions of 
Rows are coarser grained with few vesicles. The upper portions of flows are fine grained with many 

^..__ I- AL._ ___.. ,. -c----I> .-.I.- sma!! v&&s. This ~~LLE~LII w bblci LWUIL VL ~apru wurmg of the upper and iower surfaces with siower 
cooling of the interior of the basalt flow. The massive interiors of basalt flows are generally jointed, 
with vertical joints in a hexagonal pattern that were formed during cooling. Basalt flows that were 
exposed at the surface for a significant time period have the vesicles and fractures filled with 
fine-grained serlimmts and secondsry ca!cite. n,,rinn “,.iP.PP”, nPri,vl. k+.*mn.. ..“I.-““:.- a.... r:-... - -.... L) .l-.-“-... y.,l.““Y Y”..,““.. .“,.,“,,,I .,,“p&&“,,a, 
sediments were deposited upon the basalt surfaces. These sedimentary deposits display a wide range 
of grain size distributions, depending on the mode of deposition -- aeoiian, iacustrine, or fiuviai. 
Because of the very irregular topography of the basalt flows, isolated depressions are common. Thus, 
many small pockets of sedimentary material may occur in a sequence of b=a!t flows: (See 
Figure 2-4.) 

2.1.2 RWMCVSDA Site Description 

The RWhfC is located in the southwest section of the INEL. It was established in 1952 as a 
disposal site for solid low-level waste generated by INEL operations. Its current mission is to provide 
waste management for the present and future needs of the INEL and to retrieve, examine, and certify 
waste for shipment to the DOE Waste Isolation Pilot Plant in Carisbad, New Mexico. 

The RWMC encompasses 144 acres and consists of two main disposal and storage areas: the 
Transuranic Storage Area and the Subsurface Disposal Area (SDA), previously known as the Burial 
Ground. Within these areas are smaller, specialized disposal and storage areas (Figure 2-5). 

2.1.2.1 History of the RWMC. The SDA consists of below ground pits and trenches (Burial 
Ground) and one above ground disposal pad (Pad A). The first trench at the Burial Ground was 
opened for solid waste disposal on July 8, 1952. This trench was located in the northwest comer of 
the present SD-A (Fipre 2-5). For about 2 years, on!y mixed fission P..,“--. ..-.” ..YY Y”.. mA..rt ..r.zrtm ..mc h..+j. =a::: 
mixed fission product waste was contaminated with beta- and gamma-emitting radionuciides, both 
low-level and intermediate-level. In 1953, the Atomic Energy Commission decided that solid 
radioactive transuranic (TRU) waste generated by nuclear weapons production activities at the Rocky 
Fiats Plant near Golden, Colorado, would be disuosed of at the RWMC because waste disposal cites 
in Colorado were not acceptable. Tbe first shipment of waste from the Rocky Fiats Plant was 
received at the SDA in April 1954 and buried in shallow pits and trenches with no segregation of 
TRU waste, mixed fission product waste, and nonradioactive hazardous waste. By 1957, the 10 
trenches (Trenches 1 through 10) at the 13-acre site were nearly tilled. 

The site was then expanded in 1957 to the 88-acre tract known today as the SDA. From 1953 
to I%9 the use of large, open pits was initiated for the disposal of solid TRU wastes, and the use of 
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trenches was reserved for the disposal of mixed fusion product wastes. Large, bulky items 
contaminated with mixed fiiion product wastes were sometimes piaced in the pits aiong with the 
TRU waste. 

During the 196Os, the SDA continued to receive TRU waste for disposal in shallow land pits. 
Duting !he period 1960 through !%3, ‘ha L,l_ SD/$ ais ;er;& a a $jfia! groui,d for so:id -w&e 
generated by other off-Site Atomic Energy Commission licensees, such as universities, hospitals, and 
radioisotope source manufacturers. This service stopped when commercial burial sites for waste from 
private industry became available. 

Disposal of TRU wastes in shallow land pits and trenches at the SDA ceased in 1970 after the 
Atomic Energy Commission adopted a new policy for managing TRU waste. The policy required 
segregation and storage of all TRU waste with concentrations above 100 nCi/p. Such waste would 
be stored for retrieval after periods of up to 20 years. Also in 1970, the 56-acre TSA was established 
immediately east of the SDA for such waste management. Asphalt pads were constructed on which 
the TRU waste was stacked and then covered with plywood, plastic sheeting, and 2 to 3 ft of soil. 
Wastes stored aboveground at the TSA after 1970 are currently being retrieved, examined, and stored 
for future shipment to the Waste Isolation Pilot Plant. 

During the SDA operational period of 1952 through 1971, approximately 3.4 million ft3 of waste 
was disposed. Most waste disposal documentation concerning operations at the RWMC before 1971 
was destroyed when the required retention period had been exceeded. Interviews with personnel who 
dev~!oped the Radioac~ve ‘~‘~te Management infonrration S~ysiem data base stated that records 
recovered from storage in Seattle (the National Archives and Records Service) were incomplete, with 
years missing. Efforts were made during the 1970s to recover these records, to no avail. 

2sf=2z2 a&p j+&.qs. m-t: SEP. is a fen& are:. +l.-+ ----+== +I.- *-r+-- --• -c +L- ..I”& ““,,,V ,.YM L,l” “WICLU pa,, “I Lll&Y 
RWMC. Included in the SDA are pits, trenches, soil vault rows, and Pad A. The pits are excavations 
with a variety of dimensions. They generally have surface areas of several acres and range in depth 
from 5 to 15 ft. In general, the pits and trenches were excavated to bedrock and tilled with waste 
materials. Some waste is believed to lay directly on basalt. After the waste was emplaced, the pits 
were backfilled with at least 3 ft of soil. During operations, soil cover was applied over the waste 
during weekly or daily operations, depending on the procedures for that particular year. Closure of 
a filled pit included applying final soil cover a few yards deep and planting stabilizing vegetation on 
the final cover (EG&G Idaho 1985). 

2.1.2.3 Waste Emplecemenf. From 1952 to 1963, the waste was stacked in pits and trenches. 
From 1963 to 1%9 the waste was randomly dumped into the pits to reduce labor costs and minimize 
worker radiation exposure. This random dumping continued until 1969, when stacking was 
reinstituted. 

Wastes were deposited into the burial pits, trenches, and vaults in containers. Approximately 
60% of the containers were steel drums (30 to 55 gal), 5% were plywood boxes, and 30% were ,F!n Ok_ ->~I~ cardboard and Sberboard containers (CUCLV urano i9@3j. Large items such as vehicies and iarge 
pieces of equipment were deposited without containers. Section 2.3 provides detailed information 
on the volatile organic waste disposal. 
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road surface enhancement was used on a trial basis in 1984 and continued in 1985 (EG&G Idaho 
.(_n.T\ .-I-. P 170~1. water tar dust controi is appiied oniy on SDA roads and oniy during the hottest summer days. 

2.1.2.5 Surface Wafer Runoff Controls. After a flood in 1%2, a diversion drainage system 
was constructed around the perimeter of the SDA After a flood in 1969, the dikes around the SDA 
,“P,.P rnirpA *“A ,%.tar;nr rlm;nn,,~ rl;trlm. . ..a..- n..lar”aA NT-.., Ail?-” r-A rii*el.a” . ..--a ,&^:“..-A 6,. ,,-.v .“.“-I I..” Ifi.“..“. “.“...“6” U.LI8.I” -I&I .m.“L~~. I.l” YIhYY cl,,” UllrllW wnr uwrLj,,w L” 
accommodate and withstand a major local runoff, even in the presence of deep snowdrifts. The 
ditches were made large enough so that heavy equipment could be used to clear snowdrifts in the 
ditches and prevent their blockage. In 1976, a sump pump was installed near the east perimeter 
fence to keep water from flowing over the trenches (EG&G Idaho 1985j_ 

Numerous flood-control measures were taken following the flooding in February 1982. The 
drainage channels inside and outside the SDA were widened. Culverts were installed in the road 
between the SDA and the dry lake bed south of the SDA, and the southeastern SDA culvert was 
removed. A second sump pump was moved from the SDA north fence (east of the early waste 
retrieval site) and was installed at the SDA beside the sump pump near the east SDA fence (south 
of the access road). The second sump pump doubles the pumping capacity at the SDA location that 
is subject to flooding. An additional forklift-portable emergency sump pump was procured. In the 
spring of lY84, Flood Control Dike 1 was raised 6 ft and Dike 2 was raised 8 ft. The dike 
surrounding the SDA is currently at a top elevation of 5,015 ft corresponding to actual heights above 
the SDA of between 2 to 15 ft. There is also a smaller dike surrounding the open low-level waste 
pit in the SDA Rock rip-rap was placed on both dikes. In 1985 the drain system was enhanced with 
AL- :..“A.. Il...:..- -2.. n-..--.-- ^__._-^-: _..._*_ - ----I-- --> Lag- .~~*-~.-I. rn~- sm..- . . LL~G IIWL~IILIIIUII UL a LIUWIIICLCL, au~uuaw warn sarnprcr, mu IWO cuverw. ~nc: ratter provme passive 
flood control and were designed to meet the lOO-year flood criteria (EG&G Idaho 1985). 

The SDA has been regraded several times to direct surface water runoff, reduce water 
infi]tra_tion or soi] erosion and nmvide adrlitinnal ahidrlinn Rv the fill nf ,0,X, 111 hnbr rrarir~. I---..-- ---...-. _-. -._ .-.-... D. -, -..- --.. -- *T-s, . . . ..“....,, -.I..-( 
and cracks were routinely filled in preparation for the spring snowmelt. In 1972, grading was 
instituted to improve drainage. That same year, a topographic study of the area was done to 
determine the areas that needed to be filled (EG&G Idaho 1985). Regrading has been periodically 
performed since that time. 

2.1.2.6 UtilHIes and Security. Although the SDA is used strictly for disposal purposes 
(administrative functions are performed at the RWMC outside of the SDA boundaries), it has all vital 
utilities. Power for the SDA comes from the Experimental Breeder Reactor l/Waste Management 
Office main feeder line that originates at the Scoville Substation in the Central Facilities Area (CFA) 
of the INEL. The 12.5kV lines pass through the RWMC Administrative Area, into the ‘ISA, and 
to the northeast corner of the SDA Power is distributed here by a 20-kV pole-mounted transformer. 
Emergency power is provided by a 175-kW propane generator located outside of the SDA. The tire 
protection system for the SDA consists of an 8-m. dry fire-water line, two fire hydrants, and a post 
indicator valve that is kept closed. 

Current fencing around the SDA consists of a newly installed chain-link fence topped with three 
_._^_ .I_ _PLe-L-J ..z__ m:- --... P---- c-II---~. .L- ~--_.~ -,..I~- .- ~LLLIIIU UL U~IUGU WLIG. II~S IIGW uxwz IUIIOWS tnt: pm 01 me prevwus baibed-wire ience excepi 
that it runs along the outside of the surface water control dike surrounding the SDA The fence has 
a total length of approximately 7,400 ft and contains three 30-ft gates, each centered on an existing 
roadway. These fences are locked and patrolled during nonoperational hours. More detailed 
infnmntinn nn ,,tilitk can he fmmd frnm Fimr~c 7-7 7.4 snrl 3-5 in FC&G 1dsh.n / lOQQ\ ..__ - _... -_.-.. -._ -....-.-- --.. -- _--. _- -_-__. _ ‘D-~-” - -, - ., “..- - I . . . I--_ *_“.lY \-,NI’ 
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2.1.3 Previous investigations and Interim Measures 

2.1.3.1 Previous investigations. As part of the Resource Conservation and Recovery Act 
(RCRA) facility investigation plan for the SDA, approved April 5, 1989, EG&G Idaho conducted 
onsite field tests to demonstrate the effectiveness of the vapor vacuum extraction (VVE) process. 
A two-week test was performed during November !9S9. This pre!im..---, __. i”lN tPCt \y&$ nG.rfnrm6.A to rl..“....- 
check out system operation including the data accumulation system and sampling/analysis procedures. 

Following the preliminary test, a four-month VVE test began on April 12 and ended on 
August 13, 1990. The VVE system operated a total of 2,090 hours extracting 65 million cubic feet 
of soil gas with 429 kg of carbon tetrachloride and 163 kg of TCE being removed from the basalts 
beneath the RWMC. VVE is considered a viable remedial technology for removal of VOCs from 
the vadose zone beneath the SDA 

2.1.3.2 SDA Surface Contour. From December 1987 through February 1988 existing SDA 
surface contour was assessed to determine the existing land irregularities and the extent of the SDA 
maintenance program. The current program consists of weed control; monthly surface contour . . 
~whithiS to identify subsidence, cracks, and other irreguiarities; and fiiiing subsidence as required 
to prevent pondipg of water over waste disposal areas. In February 1988 SDA contour maps were 
developed using aerial photographs to determine surface depressions and areas with insufficient slope 
for proper drainage (see Figure 2-6 located in back of this document). The study results indicated 
+,,.+ .,Jff;,&,nt ,,md;m nF .,.A-PCP .xmtc,r ne +I.- PI,,, c...L+mrl 6,. -^..^- :-r-l.--.:-- Z-r- IL- L~~-:-J .._-. ” a..-.-... y”.’ U.6 YL ““SLY- “.&Ill V&l u,r UYrx c‘uu,Gu L” l,.l”?.G llllllllau”u Ull” LUCT ““rltxl 
waste.’ 

The objective of the SDA contouring activities is to minimize. ponding of surface water, thus . . . . . reducmg mfiltratton mto the SDA buned waste and mtgratton of ~a-...--...- liin.rtiv.- an&l hS~&l~ 
constituents from the buried waste. 

The contouring activities involve tilling all existing surface depressions and enhancing the grade 
to an extent that sufftcient drainage can occur without creating major elevation chanaes. However. 
these improvements alone will not totally alleviate the ponding problem. The contouring will direct 
most of the SDA surface water runoff into the existing drainage channels at the perimeter of the 
SDA, as well as the channels along the main road. The present system drains to the sampling/outlet 
at the extreme east end of the SDA However, the west end SDA runoff will still drain to the west. 
To aiietiate a ponding problem in this older area, a second sampling/outlet will be installed south of 
the main road at the extreme west end of the SDA. Water in the west outlet will drain to the 
perimeter drainage channels and to the channels along the main road. 

With the above ouiiined improvements, a significant reduction of the surface water pending on 
the SDA will result, thus greatly alleviating the infiltration problem. 

a. Engineering Design File RWMC-318, March 24, 1988. 
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2.2 Physical Characteristics 

2.2.1 Meteorology 

Atmospheric transportation of contaminants is controlled by the following physical parameters: 
ciimate, iocai meteoroiogy, iocai topography and iarge structures or butldmgs onsite, and contaminant 
source strength. This section describes the aspects of these physical parameters that are necessary 
to evaluate environmental and human health impacts because of atmospheric transportation of 
contaminants from the RWMC. 

2.2,7.1 C/bate. The climate at the INEL is influenced by the Rocky Mountains and the Snake 
River Plain that create a semi-arid climate with an average summer day time maximum temperature 
of 28°C (83°F) and an average winter day time maximum temperature of -0.5”C (31°F). Infrequent 

. cinlld m~~~~ nvpr !he r~g!nn Iliin~ !n. _..I- _ -_-. ,P”CP rn,!sr heating of the ,pufid s.J’fDra A..-“” tl.- A”.. ” l&Y”” “YL..,Z, LIB.. “YJ ‘ad :he 
low absolute humidity allows significant radiant cooling at night. These factors create large 
temperature fluctuations near the ground (Bowman et al. 1984). During a 22-year period of 
meteorological records (1954-1976), temperature extremes at the INEL have varied from a low of 
-41°C (-43°F) in January to a high of 39°C (103°F) in July. 

The averagerelative humidity at the INEL ranges from a monthly average minimum of 15% in 
August to a monthly average maximum of 81% in February and December. The relative humidity 
is directly related to diurnal temperature fluctuations. Relative humidity reaches a maximum just 
before sunrise (the time of lowest temperature) and a minimum in the late afternoon (time of 
maximum daily temperature) (EG&G Idaho 1981). 

The regional topography and upper-level wind patterns over North America create a semi-arid 
ciimaie. Average annuai precipiiaiion at the iNEL is 8.5 in. Tine highest precipitation rates occur 
during the months of May and June and the lowest rates are in July. 

Snowfall at the INEL ranges from a low of about 12 in. per year to a high of about 40 in. per 
,,.anr uG+ll .a” nn*..nl n..n...,“n r\f ?L :.. ,--., .,A..- “.. Y.I.aY”. Y..aY~W”L&” ,,,. NOEllli ‘W%tei SfiOWfdi OCCiiiS fiOtll K0Vaiib~i h7ilgh Aprii, 
although occasional snowstorms occur in May, June, and October (EG&G Idaho 1981). 

Potential annual evaporation from saturated ground surface at the INEL is approximately 36 in. 
Eighty percent of this evaporation occurs between May and October. During the warmes! month 
(July), the potential daily evaporation rate is approximately 0.25 in./day. During the coldest months 
(December through February), evaporation is low and may he insignificant. Actual evaporation rates 
are much lower than potential rates because the ground surface is rarely saturated. 
Evapotranspiration by the sparse native vegetation of the Snake River Plain is estimated at between 
6 to 9 in. per year, or 4 to 6 times less than the potential evapotranspiration. Periods when the 
greatest quantity of precipitation water is available for infiltration (late winter to spring) coincide with 
periods of relatively low evapotranspiration rates (EG&G Idaho 1981). 

2.2.1.2 Local Meteorology. The local meteorology is influenced by local topography, 
mountain ranges, and large-scale weather systems. The orientation of the bordering mountain ranges, 
as well as the general orientation of the eastern Snake River Plain play an important role in 
determining the wind regime. The INEL is in the belt of prevailing westerly winds, which are 
iioiidiy channeied across the eastern Snake River Piain. This channeiing usually produces a 
west-southwest or southwest wind. When the prevailing westerlies at the gradient level 
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(approximately 5,000 ft above land surface) are strong, the winds channeled across the eastern Snake 
River Plain b&VX.ii ihe mountains become very sirong. Some of the highest wind speeds at the 
INEL have been observed under these meteorological conditions. The greatest frequency of high 
winds occur mainly in the spring. 

TIIpa! mount&n and v&y fp&.Jrs p-big: a &:0-g :..n**-“-- .,ILSUIS~~CC On the *V&Id f!O%G Uiidei Oibei 
meteorological conditions. When winds above the gradient level are strong and from a direction 
slightly north of west, channeling in the eastern Snake River Plain usually continues to produce 
southwesterly winds over most of the INEL. At the mouth of Birch Creek however, the northwest 
to southeast orientation of this valley channels strong north-northwest winds in!o the area. Ibis 
“Birch Creek” wind may equal the strongest southwesterly winds recorded at other locations on the 
INEL (EG&G Idaho 1988). 

Drainage winds also contribute to the overall wind flow over the INEL. On clear or partly 
cloudy nights with only high thin clouds, the valley experiences rapid surface radiant cooling. Ibis 
results in simultaneous cooling of the air near the surface which causes the air to become stable and 
leas turbulent. However, air along the slopes of mountains cools at a faster rate than air at the same 
elevation located over the valleys. Consequently, it becomes more dense and flows or sinks toward 
the vaiiey forming a down-siope wind. ‘When this wind reaches the valley, it still flows toward lower 
elevations and be&omes a down-valley wind. Nocturnal down-valley flow is the second most frequent 
wind observed over the INEL and flows primarily out of the north-northeast. 

A rmerse f&i;, opposite in direction to thai of the drainage wind, occurs during the daytime 
when air along the mountain slopes is heated more rapidly than air at the same elevation over the 
valley. Air rises along the slopes as it becomes less dense. This up-slope wind, in turn, contributes 
to the production of an up-valley wind Thii up-valley wind is seldom detectable as a separate 
comnonent of the wind unti! the svnontic nressure madient becomes quite weak. . A!thosgh :he 
mountain and valley winds are predbmi~ant& “fair we:ther” phenomena, they can also occur under 
other sky cover conditions. 

In addition to the relatively local drainage winds, a somewhat stronger wind has occasionally 
been observed. It develops when an outbreak of cold air east of the Contmental Divide occurs and 
behaves in the same manner as the down-valley wind. If the cold air becomes deep enough, it spills 
over the Continental Divide and flows down across the eastern Snake River Plain. The result of this 
phenomenon is valley winds from the northeast. 

The surface winds at the RWMC can be compared with the those of the Central Facilities Area 
(CFA) which are summarized graphically in the annual wind rose (Figure 2-7). The wind rose was 
produced from wind data at the CFA meteorological station collected from 1980 to 1982. 

Pressure gradient forces related to passing synoptic weather systems, as well as local storms, all 
affect the winds of the INEL. These storms alter the local flow regime such that winds from any 
direction can be observed. 

High wind-speed episodes occur in all months of the year, with the highest average hourly winds 
occurring during winter and spring. The passage of synoptic frontal systems involves higher and more 
sustained average hourly wind-speed events than those of thunderstorm gust fronts (Bowman et al. 
1984) 
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Station: CFA 
Period: 1960-1962 
Stability: SUM 
Wind frequency by direction 
Breakdown by wind speed category 

O-2 S-4 5-6 7-8 S-10 z-10 
Wind speed (m/s) 

6.7697 
Figure 2-7. Wind rose for the Central Facilities Area. 
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The INBL is subject to severe weather episodes throughout the year. Thunderstorms with 
occasional iomadors are observed mostiy during ihe spring and summer. The tornado risk probabiiity 
at the INEL is about 7.8 x 10.’ per year for the INEL area (Bowman et al. 1984). An average of two 
to three thunderstorms occur during each of the months from June through August @G&G Idaho 
1981). Thunderstorms may be accompanied by strong, gusty winds that may produce local dust 
st0EtlS. 

Occasionally, rain in excess of the long period average monthly total precipitation may be 
recorded at a monitoring station on the INEL resulting from a single thunderstorm (Bowman et al. 
1984). Precipitation from thunderstorms at the INEL is generally light; 

Dust devils are also common in the region. Dust devils can entrain dust and pebbles and 
transport them over short distances. They usually occur on warm sunny days with little or no wind. 
The dust cloud may be several hundred yards in diameter and extend several hundred feet in the air 
(Bowman et al. 1984). 

The vertical temperature and humidity profiles in the atmosphere determine the atmospheric 
stability. Stable atmospheres are characterized by low levels of turbulence and less vertical mixing. 
Ibis reauits in higher ground ievei concentrations of emitted contaminants. The stability parameters 
at the INEL range from extremely stable to very unstable. The stable conditions occur mostly at 
night during strong radiant cooling. Unstable conditions can occur during the day when there is 
strong solar heating of the surface layer or whenever a synoptic scale disturbance passes over the 
:e ion. g 

2.2.1.3 Local Topography. The terrain in and around the INEL may affect the ambient 
ground-level concentrations of contaminants emitted from the RWMC. Land features located above 
the elevation_ of the source may create rep.-.. __ lativph hjnher mmh;ent rnnr~ntrnt~~ng +I.nn Fant.*--c I---*--’ , ._ ~ ..I. l...l.l... -.I-...IY..YI ..S”U IVYLULL., *“Cm G-A 
at the same elevation as the source. The overall terrain at the INEL is flat with some small 
depressions and mounds, and small buttes. 

2.2.7.4 large sfructu~~ and Buildings. Buildings and large structures can increase the 
degree of turbulence in the air. The dispersion of contammants is directly related to the degree of 
air turbulence. The largest buildings at the RWMC are about 30 ft tall. The low profile of these 
buildings will not significantly affect the degree of turbulence at the INEL. The RWMC can, 
therefore, be characterized as rural for dispersion analysis purposes. 

2.2.2 Geology 

‘Ibe SDA is located on the eastern Snake River Plain, a broad flat plain consisting of basaltic 
iava flows with thicknesses up to several thousand feet and interbeds of loess, eolian sediments, 
alluvial fan deposits, and lacustrine sediments. The upper 700 ft of basaltic lavas at the SDA were 
the result of 10 eruptive episodes occurring from about 75,000 to 600,000 years ago (Anderson and 
Lewis 1989, and Kuntz et al. 1980). The flows erupted from fissure vents in volcanic rift zones, the 
majoribi of which tiend iicjt’ihm+& along the noribeast irending eastern Snake River Piain. The rift 
zones are thought to be associated with extension tectonics caused by the continuation of the Basin 
and Range tectonism (EG&G Idaho 1984). The basaltic lavas are underlain by rbyolitic volcanic 
rocks. Several of the rhyolitic domes have erupted through the basaltic pile near the southern 
boundaty of the INELI 
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The Big Southern Butte Complex is approximately 390,000 years old, and is one of several 
compiexes believed to have erupted from rhyoiitic caideras aiigned in a northeast trending bait. 
These rhyolitea apparently consisted of very viscous lavas which intruded as domes representing the 
waning stages of explosive silicic volcanism (Bowman et al. 1984). Descriptions of the INEL fault 
studies, seismology, and volcanic hazards, along with some geologic maps for the INEL, are 
..w.....or;...w4 :.. P-..“..n.. et nl 11OQ”\ YY . . . . . . “&I- ,,a “““IAIUI, *I a,. ,“u-v,. 

The eastern Snake River Plain is bounded on the north and west by Cenozoic fault-block 
mountains of the Lost River, Lemhi, and Beaverhead ranges (Figure Z-8). These ranges are 
composed of Paleozoic !imes!ons~ dolomite~~ and shales. T?!e fau!t-b!ock ranges trend 
northwest-southeast and the volcanic rifts parallel the ranges and are believed to be surface 
expressions of extensions of the range-front faults. 

2.2.2.1 Seismic ActMy. The seismic activity of eastern Idaho is concentrated along the 
Intermountain Seismic Belt, which extends more than 800 miles from southern Arizona, through 
eastern Idaho, to western Montana (Figure 2-9). The Idaho seismic zone, one of two zones in this 
belt, extends from the Yellowstone Plateau area westward into central Idaho. Minor earthquakes 
have occurred on the eastern Snake River Plain, east and north of the INEL [averaging about 1.0 
local magnitude (Md]. 

The largest earthquake recorded for the Idaho seismic zone occurred on October 28, 1983, 
measuring 7.3 on the Richter scale. This earthquake resulted from movement along a range-front 
faauit. r”x .~ I ne eptcenter was approximateiy haifway between Cllaiiis and Mackay, and the fauiting broke 
the surface for 25 mi along the western base of the Lost River Range. Although the earthquake was 
felt at the INEL, there was no structural or safety related damage to the facility. Table 2-l lists the 
largest earthquakes in the eastern Snake River Plain area since 1884 (Bowman et al. 1984). 

2.2.2.2 Volcanic Hazanl. The main volcanic hazard for the SDA is from potential lava flows 
from source vents offsite. Kuntz (1978) identified 47 separate basaltic eruptions within the last 
200,000 years in the basin where the source vents from the SDA basalts are located, the most recent 
beine aooroximately 75,000 years ago. The SDG is situated in the same hsrinj SQ !hc nntp.ntinl dn’rtr Y II r- _____. -_ _,-- 
for lava flows to inundate the complex from future eruptions (Kuntz 1978). The potential for 
rhyolitic eruptions appears to pose less of a threat to the SDA because of the intrusion of high 
viscosity rhyolitic domes that indicate the waning stages of silicic volcanism. The chief volcanic 
hazards would be the rupture of waste containers and dispersion of wastes from potential fissure 
eruptions within the SDA (Kuntz 1978). 

2.2.2.3 Sfratigraphy at the SDA. The basalt flows beneath the SDA are interbedded with and 
overlain by sediments composed primarily of fine sand, silt, and clay. ‘Ihe interbeds probably formed 
during periods of volcanic quiescence, which allowed alluvial and eolian sediments to be deposited. 
Three to live percent of the deposits contain rounded gravels in both surface and interbed sediments, 
indicating some stream deposition. Lacustrine interbed deposits, characterized by silts and clays, may 
have formed when lava flows dammed stream channels, creating small lakes in which the finer 
sediments were deposited. 

The stratigraphy of the SDA has been evaluated from drilling data. The basalt flows in the 
unsaturated zone and upper portions of the Snake River Plain Aquifer underlying the SDA have 
hppn ,.,lnr~nt,,n,,,r mn,,n,4 in,,, tn ho.ol*-fl,..~. _..,.I r,.n.:.tinn rrF 77 l.““nl+:r I^%.^ CL.... L^^^rl ^^ --.. -..-r.““.., 6.U”y- . . . . Y I” Y..“Y.L-L.“- fy”“p., .Am..,YL.~,~ “L LL “LwLllUL. ,a*= uYw* “Iwcy “1, 
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Table 2-1. Largest earthquakes in regions surrounding the eastern Snake River Plain since 
1884 (Bowman et al. 1984). 

Date Latitude Longitude Magnitude Location 

November 10, 1884 42.0 

October 5, 1909 41.3 

June 27, 1925 26.0 

March 12, 1934 41.7 

October 31, 1935 46.6 

July 12, 1944 44.7 

February 13, 1945 44.7 
Mr\.,n.“b..P. 72 lOA7 “” (1 I.“..,,,.“%., lid) A>_, -w-r.J 

August 17, 1959, 44.3 

August 18, 1959 44.3 

August 18, 1959 44.3 

March 27, 1975 44.8 

111.3 

112.7 

112.2 

112.3 

112.0 

115.2 

115.4 

112.0 

111.1 

110.7 

111.6 

110.5 

June 30, 1975 44.8 110.6 

October 28; 1983 44;oc 1 1318v 

6 

6 

6.75 

ww 

6.25 

6.1 

6.0 

6.25 

7.1 

6 

6.25 

6.1(M$ 

6W%.W 
6.1(ML)d 

5.Ws) 
7.3 

Bear Lake Valleya 

Hansel Valley, Utah’ 

East of Helena, Montanaa 

Hansel Valley, Utaha 

Helena, Montanan 

Helena, Montanan 

Seafoam, Idahoa 

Soiiih-Waieiii, MOiitaua 

Hebgen Lake, Montanaa 

Yellowtone Park, Wyomingb 

Southwestern Montanab 

Pocatello Valley, Idaho 

Idaho-Utah borde$ 

Yellowstone Park, Wyomin$ 

Rnrah PP.L- T&h,, - -.-. _ - --.., *-_..- 

a. Includes mainshocks (or largest swarm events) of magnitude 6.0 or greater (or M.M. intensity 
VIII for preinstrumental shocks from 1852 through July 1980). 

b. Part of 1959 Hebgen Lake earthquake sequence 

C. Ms is the magnitude of surface waves. 

d. M, is the local magnitude. 
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core and thin-section studies (Anderson and Lewis 1989; and Kuntz et al. 1980). Basalt-flow groups 
unconformabiy overiie oider flow groups or are interbedded with thin to thick iayers of sediment. 
The basalts are intercalated with seven sedimentary interbcds, three of which have been studied 
previously at the SDA and are referred to as the 30-ft, IlO-ft, and 240-ft interbeds (Anderson and 
Lewis 1989 and Barraclough et al. 1976). Figure 2-10 through 13 are geologic sections showing the 
genera!jEd s’~~‘:-&., m+.l.“-- *I.- D\‘?ilC, ..YL,6.“pnJ “nn ‘L‘JU’6 L,,., 1. 

The uppermost basalt-flow group is covered by surface sediments ranging in thickness from 0 
to 22 ft. This flow-group is composed of three to five flows, the lower two to three flows are 
seoarated from the upper flows in the western part of the SDA by the 3O-ft interbed, cnnsisting nf 
thin and discontinuous sedimentary materials. The next basalt-flow group is separated from the 
uppermost flow group by the llO-ft sedimentary interhcd, which varies from a trace to 30 ft thick and 
is continuous beneath most of the SDA. This flow group consists of three to five flows, none of 
which are separated by sedimentary interbeds. 

The basalt-flow groups overlying and comprising the upper portions of the Snake River Plain 
Aquifer are separated from the above basalt-flow group by the 24O-ft interbed. The 240-ft interbed 
is up to 33-ft thick and is continuous beneath the SDA The basaltic flows and cinder beds that 
comprise the upper part of the sequence of volcanic rocks are underlain by rhyolitic ash flows and 
tuffs. More detailed descriptions of the lithologies can be found in Anderson and Lewis (1989) and 
Barraclough et al. (1976). 

?,B.B” L.&.G.-P Barer? /0&a. All of the basal& beneath the SDA have simiiar petrographic 
characteristics and are tholeiitic olivine basalt?.. These similarities suggest that the basalt?. erupted 
from the same magma source. In general, the basalts consist of olivine, plagioclase, clinopyroxene, 
ilmenite, magnetite, accessory apatite, trace amounts of zircon, and volcanic glass (Kuntz et al. 1980). 
CM” -.Nme ocrurs as p-..-, hmnrwsts and/or as a con-.. __.__ __ ctihwnt nf the reck me!+ Dlnn~nrln~~ nlen nrrms- a= * .“b..,“.-.. Y.“” YWYL” “I 

phenocrysts and smaller matrix crystals, often as aggregates of plagioclase laths arranged in irregular 
clusters. Clinopyroxene occurs as an anhedral phase of the rock matrix Ilmenite is primarily found 
in slender blades and needles, and magnetite occurs most often as cquant crystals with square, 
rectangular, or irregular shapes (Kuntz et al. 1980). 

The tops and bottoms of the individual flows are characterized by clinkery, vesicular, fractured 
basalt. ‘Ihe basalts are generally dense and much leas fractured in the middle of the flows. Many of 
the open fractures in the basalt are tilled with clay particles carried by infiltrating water. The clay 
particles are deposited as layers on the fracture surface or in open vesicles. Flooding carries coarser 

(silt- and sand-sized) material into the fractures. Some vesicles and fractures are filled with 
calcareous tine silt and clay. 

‘flne basaits typicaiiy form ridges and vaiieys on the surface. There are places where the basalts 
may have ponded when they were trapped in topographic depressions. 

2.2.2.5 Sedimentary Interbeds. The 30-ft, llO-ft, and 240-ft sedimentary interbeds have been 
“,..A:^.4 --^_ 2 ..“I..^. .L^ PlYA . .^..L^> ____ :_*- -c--JJ:.L L-_~~~~- 1~ >~ ~a . JtuuIw pLGvlo~i~ (LL L~IG OY~. The 304 inrcrucu WIISWW 0~ reuutsn mown to uars orown siity ciay. 
The reddish-brown color results from oxidation of iron-rich minerals. Organic-rich paleosols were 
encountered in several wells. In addition, baked clays occur in this interbed, overlain by a cinder 
zone in one well (Rightmire and Lewis 1987). The top of the llO-ft interbed contains a dark brown, 
nroanicxich rnil hnrirrnn __~ -..__ _.__. --.. ..--.--... Basa!t pebb!es wi!h : _-.. - ---- wnn nwirl~t;llmi v&c!= oppadr ifi this inter&d. S0-e . . ..-- 
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BASALT - Basalt-flow group composed 
of one or more related flows. Letter, 8. 
indicates sequence of group from top 
lo bottom of section. Locallly includes 
cinders and thin layers of sediment 

CL&I, SILT, SAND, AND GRAVEL - 
Major sedimentary interbed between 
vollcanic flow groups. Locally includes 
cinders and basalt rubble 

Arrow indicates water level in aquiter 
in June, 1988. Water level in well 
RWMC not measured 

I I I II 
9.8417 

GEOlLOGIC CONTACT - Queried where, 
uncertain 

WEL.L - Entry, !BS, is local well identifier. 

Figure 2-10. Geologic Section B-B’ at the Radioactive Waste Management Complex (Part 1). 
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Fiigure 2-12. Geologic Section D-D’ at the Radioactive Waste Management Complex (Part 1). 
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of the pebbles are coated with a calcium carbonate crust, and small aggregates of opaline silica are 
coniained in ihe caicium caiwnate crust (Rightmire and Lewis i987j. The %&j-it interbed is typicai 
of a stream deposit with clays, silts, sands, and gravels. Fluvial gravels make up over 50% of the 
interbed (Rightmire and Lewis 1987). The interbed material is uniformly oxidized throughout its 
thickness. At the time this interbed was deposited, the SDA area may have been the flood plain of 
the Big bs! R&.er (P,ightm& an4 h.& 9597). 1fin-o :..L-,.*A- -- rL- ------:A:-- --_I I:aL ‘--~ ..I”,” .I,L”LI,,~,,“II “1, LIIL; uJrrrp”arrr”r1 ml” UU,Ol”gy 
of the interbeds is in Barraclough et al. (1976). 

The structural maps shown on Figures 2-14 to 2-16 were constructed for the base of each 
interbed; thus, they represent the topography of the surface of the hasai!s nn whxh the E L .  

.  t c = & &  

were deposited. A structural low may depict an alluvia1 flow or stream channel area, while a 
structural high may depict an interchannel ridge. The thickness maps (Figures 2-14 to 2-16) indicate 
the variations in thickness of the sediment layers. A comparison of the structural and thickness maps 
for each interbed indicates that the topographic lows (potential channel areas) accumulated the 
thickest sedimentary units (Laney et al. 1988). 

The structural and thickness maps of the llO-ft interbed best illustrate the potential alluvial flow 
or stream channel pattern. The maps indicate that the base of a structural high exists in the central 
portion of the SDA A comparison of the maps shows that this corresponds to a thin layer of 
sediment. Similar,interbed trends can also be seen in the structural and thickness maps of the 30-ft 
and 240-ft interbeds. 

2.2.3.7 Regional Surface Wafer ffydfology. The INEL resides almost entirely in the Pioneer 
Basin, a closed topographic depression located on the Snake River Plain. The Pioneer Basin receives 
internuttent surface Row from thre- -~-..~-D- p chin-m- basins to the sort!? and ..-.. .1.” Y.6 WY, .\,“1, YLWIII, .s,p.+. tl.a Ix” 1 -rt Dklar lz..“:.. 
Little Lost River Basin, and Birch Creek Basin (see Figure 2-17) (Niccum 1973). The Big Lost River 
and Pioneer Basin range in elevation from about 4,700 to over 12,600 ft above mean sea level (msl). 
The largest runoff periods in the area of the basins at lower altitudes have historically occurred during 
January, February, and March. The maximum runoff from the highIan& ~~uaiiy C K C A K S  in May OF 

June. In Pioneer Basin, the ground thaws in March or April, preparing the soil to accept surface 
water by infiltration a month or two before the snowpack in the higher elevations melts 
(Niccum 1973). 

The greatest amounts of precipitation occur on the mountain slopes of the three basins 
bordering Pioneer Basin. An annual maximum of 50 in. of precipitation has been recorded in the 
higher elevations between the Big Lost River and the Little Lost River basins. Pioneer Basin 
receives an average of 8 in. of precipitation annually, but variations ranging from 5 in. to over 14 in. 
of totai annuai precipitation have been recorded between 1950 and 1965 (Barraclough et al. 1976). 
This precipitation range affects the amount of infiltration and percolation to the water table. The 
relationships between natural recharge events such as rainfall and snow activity in the spreading areas 
have been discussed in Wood and Wylie (1991). 

2.2.3.2 8ig Lost River. The Big Lost River is the main surface water feature of the Big Lost 
River and Pioneer basins. The main stem of the Big Lost River is formed by the confluence of its 
east fork and north fork located about 22 mi northwest of Mackay Dam, which impounds the river 
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Figure 2-14. Structural and isopach maps of 30-ft sedimentary interbed (Laney et al. 1988). 
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Figure 2-l 5. Structural and isopach maps of llO-ft sedimentary interbed (Laney et al. 1988). 
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Figure 2-16. Structural and isopach maps of 240-ft sedimentary interbed (Laney et al. 1988). 
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approximately 4 m,i northwest of,Mackay (see Figure 2-18). The drainage basin above the dam has ” _^^ an area or /u8 ml-. A significant portion of the naturai streamtiow is controiied by the dam, which 
stores runoff for irrigation (Koslow and Van Haaften 19%). 

The Big Lost River flows southeast from Mackay Dam down the Big Lost River Valley past 
,irm in,,, ,I,,. D:,,nmnr II”‘.;” I..-- lx”..ra -7 ,P\ P,...*La^^, ,.P A-“- .I.^ A..,.- ^..A^-.. Tans. n’̂  --.^- ‘ ..- ..l.” LSll 1 I”.~~~~ YYYIA, ,YW I qj”LC &-‘“I’ “““LII~a.YL “L ruw, b11b LI”CA ClllFilJ lam L‘lr‘y”‘,, z 
narrow canyon approximately 7 mi long with an average height of 70 ft and a width of 130 ft. The 
walls of the canyon are composed of fractured basalt and are nearly vertical. The river exits Box 
Canyon and flows to the INEL Diversion and Spreading Areas, constructed in 1958 to divert high 
runoff flows away from the INEL facilities, Flows not diverted at the INEL diversinn dam “XC -..-__.-__ --... r-” 
northward across the INEL Site in a shallow, gravel-filled channel. This main channel branches into 
several channels 18 mi northeast of the diversion dam, forming four shallow sinks, referred to as the 
Big Lost River Sinks (Koslow and Van Haaften 19%). 

The two northeast-trending tributaries of the Big Lost River generally flow through bedrock 
valleys and undergo minimal surface water losses to groundwater underflow until they join the main 
northwest trending valley. The river leaves the bedrock valley near Howell Ranch and flows over 
deep alluvium where infiltration rates are high (see Figure 2-19). At Arco the drainage characteristics 
change. The river flows over a broad, flat flood plain underlain by basalt for the first few miles below 
Arco (N&urn 1973). Surface drainage is confined to the Pioneer Basin in the INEL, and no surface 
water enters the Snake River (Koslow and Van Haaften 19%). Any Big Lost River waters not 
diverted for irrigation purposes are lost to evaporation or percolate to the water table, recharging the 
n--a-- n:..-- nl-z- II -~~:c-- I-PI.--II-~- -~-> >-~-~~-~~I- ~.~ oualic Rl”Gl l-m,,, f%q”rLcr. lnnurauon ano ue:pression storage iosses are most signiticant in Box 
Canyon and the Big Lost River Sinks due to fractured basalt. Only in times of heavy runoff does the 
Big Lost River flow to its terminus at the sinks in the northwest comer of the INEL (Koslow and 
Van Haaften 1986). 

The flow of the Big Lost River is measured at the gauging stations operated by the USGS below 
the Mackay Reservoir (30 mi northwest of Arco) and at the INEL diversion. The average annual 
discharge for 69 years of record for the Big Lost River, as measured at the Mackay gauging station, 
is 227.500 acre ft/y (see Figure 2-20) (Pittman et al. 1988). The main river channel flow just below 
the INEL diversion was 70,000 acre ft in 1974, and the INEL diversion channel flow in the same year 
was 32,000 acre ft (see Figure 2-21). In 1975, a total of 88,000 acre ft flowed down the main channel 
of the Big Lost River and 46,OCO acre ft flowed through the INEL diversion channel. In 1976, only 
36,ooO acre ft flowed through the main channel and 18,000 acre ft flowed through the INEL diversion 
channel (Barraclough et al. 1981). Flow increased markedly from 1981 to 1984 with a total of 
476,000 acre ft at the diversion in 1984, the highest rate yet recorded. In 1984 and 198.5, flow in the 
main channel was maintained at 57,000 acre ft/y (Pittman et al. 1988). 

Ihe diversion channei was excavated through several basalt ridges and intervening surface 
sedimentary deposits to connect the Big Lost River with a series of natural depressions. The 
depressions are designated as spreading areas A, B, C, and D (see Figure 2-22). Water is diverted 
into the diversion channel by a low earthen dam across the Big Lost River. The dam is part of a 
,___ ___- f _.._... >I,-- -.--->:-- -I--- _L. _._I I~ -I>- -F .I~~ ~. . . ioug, ~IIUIIUVUS uuu sxu5uurng nrong tne nortn siue ot me river to me spreading areas. Two 
6-ft-diameter corrugated metal pipes permit passage of less than 900 cfs of water through the dam 
into the main course of the river flowing downstream into the INEL (Lamke 1969). Flow in the river 
is regulated by gates on the culverts. During floods, flow in excess of that allowed to pass through 
the c,&r&r h car&! hv the div.-rrinn C&E"& Flnw in ,h,= Ai.,Pr.i"" rhnnnd ;r ..nmn+r~llPA nt -, _._- -..-_ I .-.. _.".. . . . . .." ".,"."..,.. -.....1..v. Y ".a- . . . . V...... Y. 

discharges that exceed the capacity of the culverts. 
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Figure 2-20. Discharge of the Big Lost River below Mackay Reservoir (Pittman et ai. 1988). 
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Figure 2-22. Spreading areas near the RWMC (McKinney 1985). 
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The diversion channel is capable of carrying 7,200 cfs from the Big Lost River into the spreading 
areas. iwo iow swaies iocated southwest ot the main channel can carry an additional 2,108 cfs, for 
a combined maximum diversion channel capacity of 9,300 cfs. The diversion channel extends about 
0.9 mi from the point of diversion to Spreading Area A. Water flows from Spreading Area A 
through a short connecting channel into the three other spreading areas (Bennett 1986). The total 
““-^^:c.^crL- .^...^A:-- ^ _^^^ I- .o*nn __-- PI .I -l.m~.rfm~m ZfiAA e. ~a bdpti~~~ VL LIIG ~pcau~~~g cucim w IO,LW iwc: LI ar uw2arron J,WV IL aoove msi and 58,008 acre ft at 
elevation 5,050 ft above msl (see Figure 2-22) (McKinney 1985). 

The configuration of the channel is unusually rough. Resistant basalt ridges create an irregular 
channel b&tom which PI(IIIP riffl-c mvl w.t~rfallr sit Inw tn rn~cii~~rn fin- .._.__. .--- ..__. -_ -._- ..-_-. __..” -. .-.. .- . ..-.I... “._I.“. The cmtainn?ent dike 
forms the east bank of the diversion channel. Basalt boulders, up to 5 ft in diameter, serve as rip-rap 
along the lower part of the dike. The upper part of the dike is predominately gravel. Scalloped 
areas, depressions, and basalt ridges form the west bank. The west-bank overflow section is sparsely 
to moderately covered with vegetation, chiefly sagebrush and grass (Bennett 1986). 

2.2.3.3 Surface Water Affecting the SDA. The SDA is surrounded by higher ground to the 
immediate north, west, and south (see Figure 2-23). Surface water runoff from these higher 
elevations draw toward the SDA and eastward to the access road. Locally, the drainage patterns in 
the SDA are more complex due to the various containment areas and access roads. The waste 
disposal pit areas.tend to be mounded, forcing runoff to their boundaries and toward the access roads 
(see Figure 2-23 and Figure 2-5. During periods of intense precipitation or flooding, ponding can 
occur, allowing infiltration and possible contact with buried wastes. 

The SDA has flooded three times in recent years (1962, 1969, and 1982) as a result of local 
runoff from rapid melting of snow in the spring. Because the SDA is located in a basin, water 
entered the burial area and flooded some trenches and pits. During the 1962 flooding event, 
TrPnrhP. 74 on,4 ,c snrl TX+. 9 -“A 2 ..,a._ ,...P” .,..A ..*&...a G’ll~rt ..;*I. . . . ..a-. I^^^ EC”...,. 1 c T- I#?<” ..I.I-IIw -7 U..” a., “.I” I SW ,s “,A” 2 “.a.. ” ywn LLUY WCLC LlllC” .v,u, W*LIIGL (c.Gc; I’rgulr; L.-l. 111 IN7, 
water filled Pit 10, and considerable amounts entered Trenches 48 and 49. Some water possibly 
entered Pit 9, which was partly open. In 1982 water flowed into the southeast end of the SDA and 
entered Pit 16. 

In February 1962, approximately 1.8 in. of rain fell on 8 in. of snow in three days (the upper 1 ft 
of the undisturbed ground was probably frozen). Tbe rain caused the snow to partially melt, and an 
estimated 30 acre ft of water ponded in the SDA and subsequently infiltrated the subsurface 
(Barraclough et al. 1976). Pits 2 and 3 and Trenches 24 and 25 were open at the time and filled with 
melt water (Barraclough 1976). Some low-radiation waste boxes and barrels floated in the water and 
some boxes broke, spilling radioactively contaminated gloves, sample bottles, etc., into other areas 
within and adjacent to the SDA (EG&G Idaho 1988). In response to the flood, a system of dikes 
and ditches was constructed around the SDA in the latter part of 1962. 

In January 1969, rainfall and snowmelt amounted to about 1.7 in. of water and an estimated 
20 acre ft of water inliltrated the Burial Ground. Pit 10 was filled with water and Trenches 48 and 
49 (and possibly Pit 9, which was partly open) received considerable amounts of water. Pits 9 and 
if) were used for disposai of organic wasies from the Rocky Fiats Piant in Coiorado. The dikes 
established after the 1962 flood were overflowed in the 1969 flood. A more extensive dike system 
was constructed in 1969 to protect the SDA from runoff in the drainage basin. 
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On February 17,1982, the dike surrounding the SDA ruptured on the southeast corner. A total 
voiume of about 8.3 acre ft of runoff water entered the SD& speciticaiiy into Pit i6. After workers 
repaired the dike and removed snow and ice blocking the SDA drainage channel, pumps were placed 
into Pit 16, and the run-off water was pumped into the RWhK surface water drainage system 
(Devries 1983). Following the dike failure, the water pooled in the SDA was sampled and analyzed 
6.. I.-t,, nn,.....n -nA:nt:n,. ..&“,. “” “,..l...n.~,.. ____^_ *:^..^I ^^..^ *,.- r-l- x2,.%.-..,.-. -v-l -..--:-- . ..^^ L”I “‘LY-p”&l,m IllYI(I,I”II “Y‘,‘& cl,, arpo,“crcJ p”~“LLI”uaI WUULC‘. “1, A-G”,ua,y LL) p”lpu’g w*(w 
stopped because the beta-gamma count rate of the water samples from Pit 16 was increasing. Only 
one sample exceeded limitations in DOE Order 5480.1 for radiological releases to an uncontrolled 
area. That sample was taken on February 23 from Pit 16. The water of which the sample was 
renresentative did nnt leave the SDA because numnino wsc rtnnned the dav hefnre rDev&s 191(‘4\ ~~=~~~~~~~~~~.~- -.-..-..--.- r----r--- D ..- --- r-r-- ---- --, ------ \- -._.-- -_ --,. 
Pit 16 is not known to be associated with organic wastes disposed of at the SDA 

In mid-December 1983 a prolonged cold spell with temperatures consistently below freezing 
(32°F) and often below 0°F caused an ice buildup in Spreading Area A. Thin ice blocked the 
diversion channel and water began building up along Dike 1. On December 20, the water had risen 
to the top of the dike and began spilling over (McKinney 1985). Over the next several days, a 
concerted effort (EG&G Idaho personnel, DOE-ID, Morrison Knudsen Construction Management, 
and local contractors) relieved the blockage and raised the level of Dike 1 to avoid potential flooding. 
By June 1984 both Dikes 1 and 2 were raised to their present levels of 5,053 ft above msl (McKinney 
1985). .., 

The flooding events at the SDA allowed water to make contact with waste. The majority of the 
~~~~_~~~ ~-~--~~-.-~s I ~.~~ . . no wamr generareu uunng ore oooding intiitrated the SDA subsurface. Evapotranspiration removed 
some flood water, but not a significant amount as compared to the infiltration (Barraclough et al. 
1976). Much of the available infiltration water comes in late winter or early spring when potential 
rates of evaporation and evapotranspiration are relatively small. 

There is not enough detail in the current records to determine pulses of contamination transport 
that may have resulted from the flooding events. Characterization of contaminant transport is made 
difficult by the many variables that affect this type of analysis, such as the integrity of the drums and 
polybags and the amounts and specific types of waste in the pits and trenches. Detailed records for 
the 1962 and 1969 floods are not available. No mapping of the extent of contaminant migration was 
ever recorded. No aerial photographs were taken, only surface photographs. 

The potential for future flooding of the SDA exists. A study conducted by the USGS 
(Carrigan 1972) concluded that the Big Lost River would overtop the flood-control diversion system 
about once every 55 years and that doubling the capacities of channels connecting the spreading areas 
was necessary. This added capacity would be able to handle higher flood stages estimated to occur 
once every 300 years. In response to the 1983-1984 near flooding of the SDA, diversion Dikes 1 and 
2 were raised 8 tt by June of 1984, providing a diversion system that could contain a flood of 
approximately 58,000 acre ft. 

Two possible sources for potential future flooding of the SDA are failure of Mackay Dam and 
EmI,~~~~m .c-IIm. . .~ _!Imm n zm _L. m~-~~-->I~~- ~~~~~ nap- ~. > -r.. ~..s. muure 0~ puce i or ui6c L m ~nc spreaumg arca. vnc stuuy 0~ me errects of a faiiure of Mackay 
Dam indicates that approximately two-thirds of the water would be lost to infiltration before reaching 
the INEL diversion and a significant part of the remaining one-third would be lost to depression 
storage (Druffel et al. 1979). Another study of a Mackay Dam failure indicates a peak water surface 
d.=vatinn nf T 070 ft ah”“.- rn,=z~n EPI k.vd Im.l\ IUn.lnw n.nA “nn ?.TnnFt~n 10Qh\ Pr\n.iA~r;nn +I.,= I._. I ..-.. I_ -,” ,_ .* I I-.- . ..- I.. 1-1 .-._. \... “., \..-“.-.. “..” . “.. -*YYL.-LI ‘,-,. VY’,Y’“‘L.~‘ZI .I1_ 

diversion dam is at elevation 5,065 ft above msl and considering the topography to the north and west 
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of the SDA (see Figure 2-24) it seems possible that flood waters at 5,070 ft above msl could impact 
the SDA No flood analysis to date has definitively exempted the SDA from the impact of flood 
water. A breach in Dike 1 or Dike 2 could possibly inundate the SDA; the flow from the area of the 
dikes would be. from the weat to the east onto the SDA (see Figures 2-23 and 2-24). Flow would 
move east from the SDA along the access road, with ponding likely to occur in this area. Tbe 
potential magnitude of such a flood is a matter of conjecture, considering the many variables involved. 
Since the dikes have been raised and the spreading area volumes increased, a breach at a time of 
maximum water levels could inundate the SDA with substantial amounts of water. 

2.2.3.4 Surface Water Use. Surface water is present at the SDA only during periods of heavy . r . . ramrau and snow meit, which generaiiy occur in January. The SDA water needs are met by 
groundwater supplied hy a production well in the RWMC administration area; the surface water 
runoff is not used for domestic or industrial purposes, but it may he used by animals and plants. 
Surface water in the diversion system to the west of the SDA attracts wildlife and waterfowl to the 
a:ea. 

2.2.4 Groundwater Hydrology 

2.2.p.? Reaianal Gr~undw&y Hvdmlanv. The TNFT. ia Inraterl nn the PZX~P~ SU%T~ nf the ---e------ -~ --I----- -,. ___- __ ._- .- .--- _-- --_ -.-- “I .-... “-b- “_ . ..- 
Snake River Plain, which overlies the largest potable water aquifer in Idaho. The Snake River Plain 
Aquifer is a seqnence of basaltic lava flows intercalated with alluvium and lakebed sedimentary 
deposits. The aquifer is approximately 200 mi long, 30 to 60 mi wide, and covers an area of about 
9,600 m?. The depth to the water table from land surface ranges from about 200 ft in the northeast 
corner of the INEL to approximately 1,000 ft in the southeast comer, a distance of about 42 mi. The 
average regional slope of the aquifer is about 0.2% from the northeast to the southwest with local 
variations. Tbe thickness of the aquifer is difficult to estimate, but based on limited deep drilling 
activities at the INEL in 1978 and 1979, the aquifer may be 400 or more feet thick. 

Water enters the regional aquifer from the west, north, and east. Most of the inflow occurs as 
underflow from alluvial-filled valleys along tributaries of the Snake River on the east side of the plain, 
from mountain ranges on the north, and from the alluvial valleys of Birch Creek, Little Lost River, 
and Big Losi River on the west. Littie recharge occurs through the surface of the piain except for 
flow in the channel of the Big Lost River, its diversion areas, precipitation, and some surface 
irrigation. 

Tlr- rnnGm,r.lt:rm ,.F l I.- ..,ato.. ,“l.L :“,4:“̂ tar l l.“r ...“h-- :- .a... C..^‘.^ n:..-- lx^:.. 1.1” ““UL.~YLY..“U “L L‘l” ““Lll .‘A”... ‘II”II~~W L11(11 “aLt4 ,a, bur UIIOIIC- nI”cL I‘aLLI ry”“IzL 
A -..:c-- 

moves regionally from the northeast to the southwest, approximately parallel to the longitudinal axis 
of the plain (see Figure 2-25). The aquifer contains approximately 2 x lo9 acre ft of water, of which 
about 5 x 10s acre ft might be recoverable (Robertson et al. 1974). The aquifer discharges about 
6,s x 106 acre ft of water annua!!v thrmroh mrinor in the area frn~. Tw:: F& !a Hp~rman Trlahn J ------ D.- -r _... D- . . . 
(Figure 2-25). The discharges from the springs significantly contribute to the flow of the Snake River 

~ “.... I.., -Il..” 

downstream from Twin Falls, Idaho. Groundwater used for surface irrigation totals about 1.5 x 
lo6 acre ft annually. Average flow rates of groundwater within the aquifer, while meaningful only 
as approximations, indicate a range from 4 to 20 ft per day (Robertson et al. 1974). 

2.2.4.2 Site Specific ffydrofogic Conditions. Several groundwater monitoring wells, soil and 
a groundwater production well have been drilled or augured in or near the SDA The location of 
wells and boreholes at the RWMC are shown on Figure Z-26. The wells drilled within the SDA do 
not penetrate the Snake River Plain Aquifer. These wells monitor the perched water zonea and go 



June 1992 

Figure Z-24. Location of Dies 1 and 2 and topographic features in the vicinity of the SDA 
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I 
Figure 2-25. Contoured elevations of the regional water table and inferred directions 01 
groundwater movement below the INEL, July 1978 (Barraclough et al. 1981). 
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Figure 2-26. Locations of wells drilled at the R’WMC (depths Cram 50 Lo 700+ ft below land surface). 
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to a maximum depth of about 300 ft below land surface. All groundwater monitoring wells completed 
in the Snake River Plain Aquifer are located outside the boundaries of the SDA Figure 2-27 shows 
the location of the monitoring wells near !:! ,C SDA. Table 2-2 shows the total depths and the well 
construction details for the monitoring wei !’ near the SDA The depth to the water table below the 
SDA is approximately 580 ft from the ground surface. 

Figure 2-25 presents the generalized direction of groundwater flow below the INEL. This 
direction parallels that of the regional groundwater flow in the Snake River Plain Aquifer which is 
from the northeast to the southwest. A  more complete reference on groundwater conditions can be 
found in Wood (1989) and Wood and Wylie (1991). Figure 2-25 shows groundwater movement in 
the southwestern portion of the INEL, and the direction of groundwater flow near the SDA and the 
iiig iosi River diversion area in juiy i9i8. ‘Irhe grOUndwater berteath the SiJA is intluencd by 
recharge from the diversion areas to the west and south of the SDA, as well as by the Big Lost River 
to the north. Figure 2-28 shows the groundwater below the SDA in 1984 flowing to the northeast, 
counter to the regional direction of flow. Figure 2-29 shows the groundwater below the SDA 1984 
*“̂ A “,....A,. :.. +I.- A:.o”r:-.. ,.P-^“:,.-..l n -... “a”,,l L,““,,,a ,,, ,,,r “,,rru”,, “L ,csr”,rar ,,“~. r%.r- . ..-A .^ ^^..^L -..... .L-- c _.._I_ --.--- -L.-:--.l YLII(I YIIC” L” W llDLL”\II l,lUC ug”Lc3 **G,C ““LtlIII.zu 
from well locations shown on Figure 2-27 except for well 117, 119, and 120 which were constructed 
after 1984. Local groundwater data indicate that a reversal such as this commonly occurs after 
periods of snowmelt and heavy rainfall that create more flow in the Big Lost River and, as a result, 
into the INET. diversion areas~ Water levdr in WXIW ornnndwater mnnitnrino walk at the SnA n’r~= __._._ .._ _- . .._ ~---..-..---. . ..-._._-_.._ D ..-_- -_ _..- --_ _ .-- 
within a few months following periods of water flow in the spreading areas (Wood 1989). The SDA 
also lies in a topd%raphically low area that receives some runoff waters that may recharge the aquifer. 
These sources of aquifer recharge complicate local groundwater elevations, gradients, and associated 
rates and directions of flow. The local recharge due to topography is minimal and has probablv little 
or no effect on the water table. For the most part, when recharge from the diversion areas-is not 
affecting the water table, the direction of flow beneath the SDA is to the south and southwest. 
Normal seasonal groundwater elevation fluctuations not related to recharge from the spreading areas 
are minimal relative to the effects of recharge from the diversion areas. 

As an example of fluctuations in groundwater elevations, Figure 2-30 show hydrographs for 
seven water wells located near the SDA The hydrographs are arranged by well location and the year 
the well was drilled. Figure 2-31 shows water levels for Wells 87, 88, 89, and 90, which were drilled 
in i97i and i972 and are iocaied jusi outside the boundaries of ihe SDA. 

During the 1970s the water levels in the Wells 87,88, and 90 tracked essentially the same path, 
all showing a gradual decline in water levels, which was probably associated with a decline in the 
*m&.,nt ..,^t‘ar ,“l..L .&.A”” tn.:” *:-.a IUllr.,.ll 4oc-n\ ,I 1-1, on :” .I.,. ^..^^.A:-- .^ rL:^ ^I-^..:-- “gj’“L’“’ -OL.,z LO”,%- Y”L..“& LBXO L..A.C \ ..“Y” ““‘I’ ..r,, “7 10 LLlk. rm.yJrrun 6” LllW J‘1”wl‘lp 
fluctuations in water levels of about 8 ft from 1972 to 1977 (Figure 2-30). These fluctuations 
correlate to small discharges to the spreading areas during the same time periods (Wood 1989). 
Starting in the latter part of 1982 and continuing to 1989, there was a large rise in water levels 
recorded in wells &OWTI in Firrure 2-30. The hioheqt Water !~~~i OCCU& in 29~ ti..!h We!! B ~~~ ~~_~~~~ -..- . ..~..... ~~-.-. 
showing a 70-fl rise in groundwater elevation. This rise corresponds to the highest discharge year on 
record (Wood 1989). The apparent anomalous behavior of water levels can be explained in part by 
the use of diversion areas that previously had never been flooded. After 1984, the wells show a 
decline in water levels, with the exception of Well 89, which showed a small rise in the water table 
associated with a small discharge to the spreading areas in 1987. 

The general character of water in the Snake River Plain Aquifer below the INEL varies. The 
western part of the INEL, where the SDA is located, is underlain by a calcium-, magnesium-, 
bicarbonate-, and carbonate-dominated water. This reflects the fact that recharge areas to the north 
and west of the INEL are mainly composed of l imestone and dolomite. The groundwater on the east 
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Figure 2.27. Location of groundwater monitoring wells near the SDA 
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Table 2-2. Summary of well construction details for groundwater monitoring wells near the SDA (Wood 1989). - 

Casing mnstnmion we0 togs 

Y.Sr TOM cased screenl~ and/or Geologist Geophysical 
Well name draed 

Depth, to water 
&pith Material incwkl open inkwaIfs) screen type 1% log. what drilled 

- 

EB:R-1 I!?49 1075~ steel O-750 6w75a~ Perforated NO No 59.500 
750.1075 open hole 

RWMC Pmduction Well I!)74 685: steel 0.654 590-61a Perforated YES YS 7 
625435 P.XfO~ld 

uses-87 I!)71 640 SPA O-585 585601 Open hole YCS Ym 582.70 
caved 10 607 

USOS-88 1!>71 63:; steel O-587 587435 Open hole Ye Yes 58,3.65 

“Dcs.a9 1!?72 646 S,Ed O-576 576.646 Open hole Ya Yes 540.64 

“SAGS-90 1!?72 624 St.24 O-584 580409 Open hole Yes YeS 574.62 
caved to 609 

“SIGS-II, 1087 65:; steems o-555 555453’ P&OlWed Ye3 YS 581.34 

“S’GS-II9 10287 70:; steel o-539 639-705 PdOmted Ye YeS 600.8ll 

USGS-120 I!)87 70:; skd/ss 0438 638-705 PelfOrated Ya YeS 611.45 
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Figure 2-213. Elevation of the water table for the Snake River Plain Aquifer for tbr: region neat the RWMC, 
3rd quarter 1984 (USGS; 88 data not: plotted). 
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side of the INEL contains more sodium and potassium, indicating that the recharge to that part of 
the aquifer originates in the siiicic voicanic-dominated mountains to the north and northeast of the 
site (Lewis and Jensen 1984). The groundwater from the Snake River Plain Aquifer below the INEL 
is relatively low in total dissolved solids (an average of slightly more than 200 mg/L) (EG&G Idaho 
1988). The low mineralization reflects the moderate to abundant precipitation in the mountainous 
C,,.,,.CP Q.--C ,Ln al.mnm ,4n.,+,,.:.,, ,io..,.r:*r ^,...r”:-:..” .,.l..LI- -:..-.“I. ^..A +I.- I -... “,.I..L:l:c. ^E ““YLW “l”““, LBlS UYYlllll “L WALI‘,Y..L. “I p”Ym.7 *V,,L~.“““F, Y”l”“lr llllurlO”, cunu LIAb 1”W D”I”“IIILJ “L 
the basalt that forms the principal aquifer system. The water in the aquifer is generally of high 
quality, and with modest treatment can be made suitable for most uses. The specific conductivity for 
normal average aquifer water ranges from 2.5 x lOA to 3.3 x lOA mho/cm for the years 1976 through 
1979 (EG&G Idaho 1981), \ ~~ 

The Snake River Plain Aquifer is the only source of water used at the INEL. Pumpage rates 
and their effect on aquifer water levels are closely monitored by the USGS. Pumping has a very 
limited and localized effect on annual water-level changes in the aquifer in the vicinity of the RWMC 
Production Well because the amount of groundwater pumped is small in proportion to the total 
aquifer storage and recharge (Barraclough et al. 1981). Water usage during 1986 from the RWMC 
Production Well totaled 5,000,000 gal and in 1987 totaled 3400,000 gal. 

2.2.4.3 Groundwater Use. The primary uses of groundwater at the RWhK include fire safety, 
drinking water, and showers for workers. This groundwater is supplied by the RWhK Production 
Well located northeast of the SDA (Figure 2-26). The Production Well operates at 80% of design 
capacity under the following conditions: 

. Capacity: 240 gpm 

. Inside well diameter: 10 in. 

. Depth of well: 685 ft 

. Static water level below top of well: 581 ft 

. Pumping water level below top of well: 586 ft 

. Pumping water level above top of well: 35 ft 

. Total pumping head including line loss: 645 ft. 

According to Goldstein and Weight (1982), “The RWhK Production Well was drilled in 1974 
using the cable tool method, to a depth of 685 ft. Initially, the well was drilled to a depth of 562 ft. 
An 18-in. casing was set to a depth of 198 ft with a 14-m. casing set inside the 18-in. casing from the 
land surface to 562 ft. The space between the 18-in casing and the borehole wall, and the annular 
space between the 14in. and 18-in. casings was then filled with cement. The well was then drilled 
an additional 123 ft, and was completed as a 14-in. open hole. A lo-in. casing was then suspended 
c---. IL- .~~.P... I. mm ant: suruicc LU a depth of 6S8 ft and perforaird in iwo zones--beiween 5% and 6iO ft and 
between 625 and 635 ft. A 24-hour pump test was run from November 23 to November 24, 1974. 
The RWMC Production Well was pumped at variable rates of about 100, 200, 350, and 
400 gal/minute. Water-level drawdown ranged from 3 to 5.5 ft depending on the pumping rate. The 
..u\rifir Fl”lOih, “f ,h,= w.4, Rf,‘v n,,mninn fn,,r h”l.r. nt All “sl,min..+~ ..I.zC 7c nnl,min..+~ n-r &w.+ Yy”“...- .,“y”“..J .,. . . . . . . . ...) “-.v. y”...y..‘e LVIL . . ..“.I Y. 7-e 6” .I..... l...“, -...a Id SUB I..... 1U.I y-1 L-. 
of drawdown.” 
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The well pump and associated piping system supplies water to the RWMC by maintaining at 
ieasi a i6-ft waier ievei in a water siorage tank iocated above ground in the northeast corner of the 
site. The storage tank is a standard carbon steel tank designed to supply 250,000 gal of water to the 
fire and domestic water pumps at the RWMC (EG&G Idaho 1988). The annual volumes of water 
pumped from the RWMC Production Well from 1986 to 1988 ranged from approximately 3 to over 
5 mi!!ion ga! (Tab!:: 2-3). 

Drinking water samples are collected monthly from the RWMC Production Well and from other 
active INEL production wells under a general program to monitor the drinking water at the INEL. 
In addition to the production well monitoring conducted by the Radio!ooicnl and Fnvirnnmental e---- ---- - ._._ - ._... -.__-. 
Sciences Laboratory, the USGS extensively monitors groundwater at the INEL and at selected 
locations beyond the boundaries of the INEL (Hoff et al. 1987). A  groundwater production well at 
Experimental Breeder Reactor 1 (Well EBR-1) located approximately 2 mi northeast of the SDA 
isone of the wells monitored (Figure 2-27). Water production wells that are monitored include those 
scattered from the INEL south to Aberdeen, Idaho. Those wells within 20 mi downgradient from 
the SDA to the south-southwest (offsite) include Crossroads, Wheatgrass, Finger’s Butte, and 
Quaking Aspen Butte. All are located on Bureau of Land Management lands and supply water for 
livestock and irrigation. The wildlife in this area also use water supplied by these production wells. 
These weils are located on Figure 2-31. According to EPA guidelines, all wells that are within a 3-mi 
radius of the SDA and draw water from the Snake River Plain Aquifer are considered important, 
unless they are separated from the SDA by a discontinuity in the aquifer, which is not the case here. 
The only other groundwater production well within 3 mi of the SDA besides the RWMC Production 
.X,-l, :- .‘,.I, T-n,? . /rl~ LI ?a..\ W till IS vvtm c,.Dn-1 (rlgure L-.5/,. 

2.2.4.4 Hydrauk Properties. Horizontal hydraulic conductivity values in the Snake River 
Plain Aquifer basalts range from 0.1 ft per day in dense portions of basalt flows to 10,000 ft per day 
in rin&r nl .mr;n .,nne... ;n Fm,,+**~Pc nnrl nlnnn :ntmmr\..r rr...+.xrt.. IPsn”nL..nl. m t “1 107L\ ..- -..---. “. “-..” -.~-“, . . . ..“-...I-, Y.l” “‘VU6 .I..“ll.“.v M I.‘.YIY \YY~~“.d”“~~~ IL a.,. ‘/,“I’ In 
general, the greatest hydraulic conductivity is observed at basalt flow contacts where irregular 
fractures, cinder zones, and surface irregularities are prevalent (Robertson et al. 1974). 

The upper limit of hydraulic conductivity is among the highest for any known aquifer. However, 
over a distance of a few feet, hydraulic conductivity can range widely. Although vertical hydraulic 
conductivity is usually less than horizontal conductivity in basalt, significant vertical conductivity does 
exist largely because of the presence of vertical fractures. This is demonstrated when surface water 
from the Big Lost River and associated diversion areas migrate vertically and produce a measurable 
recharge to the aquifer (Barraclough et al. 1976). Overall aquifer permeability is related to 
intercrystalline pore spaces, fractures, fissures, and other interconnected voids. 

Aquifer tests conducted within a basaltic zone about 100 ft thick near the Test Area North area 
of the INEL indicate an average horizontal permeability of about 20 darcies (equivalent to hydraulic 
conductivity of about SS ft per day or 17 m  per day); and vertical permeability of about 6 darcies 
(equivalent to hydraulic conductivity of about 15 ft per day or 4.5 m  per day) (Barraclough et 
al. 1976). Although that basalt may not be the same as the basalt strata directly beneath the SDA, 
I. > ._.__. __.I.. m ..zm -rl~--I-~-~-_-, --~~, -.. . . u uemonsuatcs a rauo ot norrz~ntat conuucuvny io verticai conductivity of 3.7 io i (Banaciough et 
al. 1976). 
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Reporting time period 

1986 (yearly total) 
January 1987 

Februarv 19x7 , ---~ 
March 1987 

April 1987 
.--- Ivfay lxsl 

June 1987 

July 1987 

Volume pumped Yearly total 
(thousands of gallons) (thousands of gallons) 

5,094 5,094 
309 __ 

516 -- 

210 __ 

85 __ 

207 __ 

111 -. 

106 -. 

August 1987 
m 

September 1987 

October 1987 

November 1987 

December 1987 
T..-....-. 4ODO JIlllYaly ,700 

February 1988 

March 1988 

Second Quarter 1988 
(April-June) 

620 

866 

564 

50 

Sib 

:13 

214 

355 

550 

3,701 

1,232 (to JunenO) 

a. EG&G Idaho 1988 
b. More current information is not readily available 
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Figure 2-32 shows generalized transmissivity contours for the Snake River Plain Aquifer beneath -_ _-- the INIL. Resuits from pumping tests conducted in the water wells near the SDA are shown on 
Table 2-4. These tests provide information on the aquifer characteristics near the SDA including the 
hydraulic conductivity of the aquifer, which ranged from 0.04 to 3,200 ft/d, and the transmissivity of 
the aquifer, which ranged from 4.05 to 211,000 ft*/d (30.3 to 1.6 x lo6 gal/d/ft) (Wood 1989). These 
e..l-..:..” &^^,^ __,^_^ .A-..- ..:.I. ..-..,I A:---.-- . .._ ,I_ .L-. --I.~ -.-.I. ~I -1~ ~~~1 J’ . yullm~lLBa L-m WC,= UVIIG wttu 3mw UI~III~~~L WG:IW L~L wry pemxare a mm uwance beiow ihe 
water table (Wood 1989). The differences between the transmissivities presented on Figure 2-32 and 
the values given in Table 2-4 stem from two widely different estimation methods. The tabular data 
were from analysis of pumping test whereas the contours in the figure resulted from model . . ca!!brat!on; Subrequen! stud!e.s have s..o.... h urn the m&=.! r~,&g! in nl,>m~r thnt mrw.4 mnrn rsn:A.. r .-.. -- ..*“. . . . . ..- . ..“&I LYy.“sJ 
than the actual plume. 

Based on regional studies of the transmissivity at the INEL, the transmissivity near the RWMC 
is estimated to be approximately 173,000 ft*/d (1.3 x lo6 gal/d/ft) (Robertson et al. 1974). Estimates 
of the effective porosity of the aquifer range from 5 to 15% with 10% being the most accepted value 
(Robertson et al. 1974). This porosity estimate is a spatial average over a large volume since the 
aquifer is composed of massive basalt with an effective primary porosity of only a few percent and 
fractures and cinder zones with very high secondary porosity (Wood 1989). 

2.2.5 Vadose Zone 

The vadose zone at the SDA consists of a soil layer ranging from 0 to 22 ft thick and underlying 
basait flows iocaied at and beiow the iand surface to the saturated zone approximateiy 580-B below 
ground. ‘Ibe basalt flows are frequently separated by interbeds of sedimentary deposits. There are 
22 individual basalt flows and at least seven sedimentary interbeds underlying the SDA above the 
water table (Anderson and Lewis 1989). Major interbeds occur at average depths of 30,110, and 240 
ft. T?;e:e aie several oIAlrr rrnbnvC~S ver0k uncz L-~-II III~IUSCI, h~~C~vc?i, iiiOSi of ik available hia , ,I.,.- :..r--I. -I L I . .I.- .7rn I?. : _.^_ L--l 
on the vadose zone at the SDA are for depths shallower than 250 ft. The majority of the wells were 
completed at depths shallower than 250 ft, and no boreholes have been drilled to depths greater than 
310 ft at the SDA 

2.2.5.1 Soils. INEL soils are derived from Cenozoic felsic volcanic and Paleozoic sedimentary 
rocks from nearby mountains. The soils in the northern portion of INEL are generally composed of 
tine-gained lake and eolian (wind-carried) deposits of unconsolidated clay, silt, and sand. Generally, 
the soils at the southern INEL (where SDA is located) are shallow, consisting of fine-grained eolian 
soil deposits with some fluvial gravels and gravelly sands. 

2.2.5.2 Soil Characteristics. In general, soils at SDA have moderate water-holding capacity, 
although some areas of SDA have shallow soils with low water-holding capacity (Bowman et al. 1984). 
These soils are predominantly derived from loess deposits. Some SDA soils may also be derived from 
stream deposits of the Big Lost River. 

The surficial deposits at the SDA range in thickness from 0 to over 22 ft (Figure 2-33). The 
irreguiarities in the soii thicirnesses generaiiy reflect the surface of the underlying basalts. A soil 
column of SDA (Figure 2-34) displays a few common features of the soils in the area. These features 
include pebble layers, freeze thaw textures, glacial loess deposits, and palette caliche horizons. The 
stratigraphy of surficial deposits and soil characteristics at SDA are being evaluated in ongoing 
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Table 2-4. Well parameters for wells near the SDA, based on ksts conducted by the USGS. 

Well Date 

Discharge 
rate 

@4 

Saturated 
thickness 

w 

Maximum Specific Hydraulic 
drawdown capacity Transmissivity conductivity Analytical 

@) i (gpm/ft) (ftcid) (ftk’) method 

Well 87a 07/14/87 2.20 24 (approx.) 0.13 1.6.90 700 301 Theis 

Well fBa 07/08187 5.oil 51 (approx.) 28.70 0.17 23.40 al.46 Jacobs 
3.11 a061 Theis 

Well 89” 07121/87 4.41 56 16.32 0.70 52.90 a95 Jacobs 
071’22/87 4.39 56 6.69 0.66 55.30 0.99 Jacobs 

Well 90 07/15/87 3.81 34 (approx.) 0.53 7.20 733 22 est. Theim 
N ;n Well 117’ 12117i87 6.79 72 20.35 0.34 15.7 0.22 Theis 
m 

Well 119 12/16/87 3.15 104 613.81 0.046 4.05 0.04 Theis 

Well 120 12/15/87 20.7 94 0.01 2070 2111,OcNI 3,200 est. Theim 

RWMC Production Well 07/24/74 412.0 30 5.50 75 7,600 254 est. Theim 

a. Pumping test data evaluatetl by the U.S. Geological !Survey (UXS 1989). 
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Figure 2-24. Representative soil column at the SDA (Rightmire and Lewis 1987). 
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subsurface investigation projects. The vertical hydraulic conductivities, bulk densities, porosities, and 
moisiure content for a representative group of soii sampies from the SDA are given in Tabie Z-5 
(Barraclough et al. 1976). The particle size distribution, clay minerals content, and cation exchange 
capacity for the same group of soil samples characterized in Table 2-5 are presented in Table 2-6 
(Binda 1981). The particle size distribution and mineralogy for a selected group of four soil samples 
,,.ll,“r,A c-,.- rL.- “-..rL-^“r ^^-^- -P .‘.. Pr\l ^_- -L -..- m-Ll-- * .l --d II 0 w‘lrr.bAl I,“,,, L‘lci J”“LIPzar.L WLllCL “I LIIG Dun al= MI”WII on la”lW L-l all” L-O. The day 
mineralogy and cation exchange capacity of these same samples are shown in Table 2-9. The majority 
of the sampled material (71.1 to 94.8%) was silt and clay. Illite and illite/smcctite layer clays are 
predominant in all four samples collected (Rightmire and Lewis 1987). 

2.2.5.3 Features Affecting Contaminant Transport. The surticial soils overlying the basalt 
range in depth from 0 to about 22 ft. The pits for waste disposal were excavated to basalt or to 
within a few feet of basalt. The trenches used for waste disposal were not as deep as the pits. 
However, because of the variation in soil depth across the SD4 waste in the trenches may be within 
a few feet of basalt, although efforts were made to leave a minimum of 2 ft of soil above the basalt 
in the bases of the pits and the trenches. Despite the possibility of a thin soil layer at the bases of 
the pits and trenches, the soil characteristics may have some effect on retarding VOC migration out 
of the pits and trenches because of the high content of silt and clay in the surficial soils. 

The information and potential effects of soil characteristics on the migration of radionuclides 
and organic and inorganic chemicals draws on the information presented above for undisturbed soils 
at the SDA and RWMC. The @&acre SDA consists of numerous pits and trenches used for waste 
disposai, and Eiuboeii and IIiggs’ estimated that 39% of the soii in the vicinity of the waste buriai 
areas has been disturbed. As a result, the soil characteristics in and around the waste pits and 
trenches may vary from those presented for undisturbed soil samples. 

C.=.r‘xml &.n+,.w.. ,4 tl.n .A,. YI.“LY. .“Y.Y.W “L . ..1 YY..” a: tl.n Pl-aA C”.. d-cm-* +I.- r-t- . ..I YY,. ““,I YLLI.,b LU., ,‘a,“, ..III”.I”II, and ““IUIIIC- of A:,,,.*:,.. ..-1..-o 
radionuclide and chemical contaminant transport, including: 

. Vertical and lateral hydraulic conductivity 

. Clav content 

. CaAon exchange capacity 

. Organic matter content 

. Matrix potential 

. Evapotranspiration 

. Microbial activity. 

The SDA soil has a high clay content (approximately 36%) and a high silt content 
(approximately 56%). As a result, the soil has a very low vertical hydraulic conductivity, 
approximately 0.01 ft/d (4.7 x 10” cm/s) (Barraclough et al. 1976), which should retard the downward 
migration of vapor or liquids from the buried wastes. In addition, the clay may retard the migration 
of radionuclides and chemicals through adsorption. 

a. Hubbell, J. M. and B. D. Higgs, 1989, Memo: Estimate of Disturbed Soil at the Subsurface 
Disposal Area, JMH-23-89. 
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Table 2-5. Various phy&al characteristics of ssoil and scdi:ment samples from the RWMC wells.a - 
Death interval 

Well Top Bottom Specific Bulk density 
number (4 P) gravitj (g/cm3) 

Porosity 
(%I 

Moisture 
content 

@) 

Vertical1 
hydrau:lic 
conductivity 

(m/W - 
92 2.6 5 2.65 1.87 34.3 12.9 5.5 x HI4 

94 6.5 8.25 2.67 202 30.5 16.4 2.7 x 1114 

9ij 10 112.5 2.66 1.70 41.0 13.2 7.9 x 10-3 

8 2 Barraclough et al. 1976 



Table 2-6. I?rooerties of soil and sediment samoles from the RWMC wells.* 

Cation 
Deoth interval Particle size distribution nortiotlb ,Clav minerals nercent moisture _ exchanee 

Top Bottom Capa.city 
Well No. w WI Clay Silt Sand Kaolinite Illite Montmorillionite (meg/lm g) - 
92 2.5 5 21.2 48.8 30.1, 2 5 5 14 

94 6.5 8.25 38.7 56.5 4.8 3 9 4 23 

95 10.0 12.5 38.5 55.6 5.9 :I 4 3 17 

hIedianc 35.9 56.0 7.3’ 2 7 6 21 

v 8% a. Binda 1981. 

b. Clay <0.0&l mm 
Silt 0.004 - 0.062 mm 
Sand 0.062 - ~2.00 mm 

c. Median of eight samples. 



Table 2-7. Particle size distribution for subpit samples (in percent of analyzed sample)? - 

S,ampleb 
Sand - vety 

Depth Clav Silt 0.004- fine 0.0625- Sand tine :Sand medmm Sand coarse’ 
number - (meters) <O.O04mm 0.0625mm 0.125mm 0.125-0.25mm 0.25-0.5mm 0.5-lmm 

E,wR-1-4 0.91 53.3 313.5 4.8 2.3 0.9 IO.1 

IWR-1-3 1.22 41.0 310.1 11.0 17.7 0.2 10 

IZWR-1-2 1.52 54.7 410.1 4.1 0.7 0.2 IO. 1 

E.WR-l-1 1.83 23.5 89.8 6.0 0,.6 0 to.1 

a. Analyzed by the USGS Hydrologic Laboratory, Denver, Colorado. 

b.. Ah samples from surficial deposits. 

c. No particles coarser than 1 mm observed. - 



Table 2-8. Mineralogy for suhpit siampIes (in percent of analyzed sample) - 
Sampleb Depth Potassium Plyoxene Clay 
number (meters) Quartz feldkpar I?lagiocase Calcite (idioxide) minerals Total percent - 

EJWR-1-4 0.91 27 SC5 11 1 4 70 113,tC 

EIWR-13 1.22 29 4 10 0 9 55 103.t 

EIWR-1-2 1.52 15 53 6 41 s9 25 87 ,t 

EJWR-l-1 1.83 29 .5 12 13 19 40 99.t 

8 
a. Analyzed by the USC% Hydrologic Laboratory, Denver, Colorado. 

b. All samples from surikial deposits. 

c. Due to high percentalge of clay minerals. 



Table 2-9. Clay mineral,ogy of selected surf&l sediment samples (in percent of total clay minerals/percent of original bulk 
SalIll&S~a 

Sample - 

Depth 
(meters) Chlorite Mite 

Mixed layer clays 
(illitehmecti:te) Smectite IKaolinite 

Carbonate 
Cation content 

exchange (as CatXQ 
capacityb percent 

EWR-1-4 0.91 03/o 2516 45132 1319 614 21 0 

EWR-1-3 1.22 03/o 16/O 4/26 15/9 6i3 21 2.3 

EWR-l-2 1.52 03/o 916 3118 2!416 9i2 11 36.1 

EWR-l-l 1.83 03/O 12R 30112 26/10 1215 11 10.8 
v 
k - 

a. Analyzed ‘by the USGS Hydrologic Laboratory, Denver, Colorado. 

b. In millicqnivalents per 100 g. 



The clay minerals predominantly found are illite and montmorillonite. Illite has a moderate 
caiion exchange capacity and monimoriiionite has a high cation exchange capacity. Tile ciay content, 
mineralogy, and cation exchange capacity of the soils at the SDA imply that moderate retardation of 
migrating cations is possible (Brady 1974). 

Tl.n . ..n*..m. ,.mn”:” ““.ntt.“” ,.,.“,.““.h ,.c ..n:l” .*“,.^.“I.. :,n......“-. ,I”.” “,.*““A”,:-“. -c ^^^r^-:-^-r. I U” .Iab”a”I “Lpulr luallrl CVIllx4ll “L Y”ll.3 YL’““py IIILIYCII- llllr LCL~L”~LI”II “L wIIIaLIII‘Iauo 
being transported through the soil because natural organic compounds, which tend to have high 
surface areas, adsorb contaminants. The light color of much of the soil column (light tan loess) 
implies that the soil is low in natural organic matter (see Figure 2-34). 

The presence of microbes in the soil capable of degrading organic contaminants could also affect 
overall contaminant transport. Information on microbial activity in the soil at the SDA is not 
currently available. 

Other characteristics that may affect the transport of chemicals, in both liquid and vapor phases, 
in the soil are the thickness of the evapotranspiration zone and soil matrix potentials. Preliminary 
evaluation of data collected at the SDA indicates that, at a minimum, evapotranspiration affects the 
top 4 to 5 ft of soil (Laney et al. 1988). McElroy and Hubbell (1989) calculated hydraulic gradients 
from soil matrix potentials measured in the surticial sediments. Upward hydraulic gradients were 
observed at depths shallower than 3.9 ft and downward hydraulic gradients were observed below 10.8 
ft. Between the depths of 3.9 and 10.8 ft, there was both upward and downward moisture movement 
depending on the relative dryness or wetness in the surficial sediments at each monitoring location 
/1,-rl---~ --J ll~~.-L -.I .nnr\\ (NKcrr”y an” rl”DOCU IraY). 

2.2.5.4 Basalt Flows. The composition of the basalt flows underlying the SDA is discussed 
in general in Section 2.2.2.4 and in detail in Kuntz et al. (1980). A discussion of the stratigraphy of 
the &&flow gro.ye nnrl ,llP int”Trh~All‘“rl r,d;m,antnn, dpp&t. is nr,“ren+d in G.rtinn I) 7 3 2 (,” “.*” . ..” . . . . -..,.,“““” “.,.. . . . . “,...“., y.-‘...-” s.. .,-.a”.& a.-.*..,. 

2.2.5.5 Sedimentary Interbeds. Descriptions of the previously studied sedimentary interbeds 
underlying the SDA are presented in Section 2.2.2.5 and in several references (Barraclough et al. 
1976 Laney et al. 1988: and Rightmire and Lewis 1987). In addition, the stratigraphy of the 
basalt-flow groups and sedimentary interbeds is discussed in Section ‘2.2.2.3. 

Saturated vertical hydraulic conductivity values have been measured in laboratory studies for the 
llO-ft and 240-ft sedimentary interbeds (Barraclough et al. 1976). Measurements were taken on 
22 cores from 10 wells in or near the SDA Ihe values ranged from 2.2 x 10” to 9.8 ft/d (6.7 x 10” 
to 3.0 m/d) for the llO-ft interbed, and 2.6 x 10’ to 8.9 ft/d (8.0 x1V’ to 2.7 m/d) for the 240-ft 
interbed (Figure 2-35). Porosity values for these cores ranged up to 53%. In the wells tested, the 
llO-ft interbed is more permeable than the 240-ft interbed because it is composed of coarser-grained 
sediments. 

Water infiltrating the basalts probably flows through fractures. Therefore, the discontinuity of 
the fractures in the basalts and the generally lower hydraulic conductivities of the sediments may limit 
the verticai movemeni of waier ihrough ihe inierbeds (Barraciough ei ai. i976j. Eowever, XcEiroy 
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Figure 2-35. Laboratory-determined vertical hydraulic conductivities in m /d sediment samples from 
10 wells in or near the RWMC (Barraclough et al. 1976). 
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and Hubbell (1989) found that the matrix potentials and calculated hydraulic gradients in the llO-ft ._.^ _ ana Z4tJ-tt mterbeds mdrcated that there was downward movement of water through the sedimentary 
units. 

2.2.5.6 Perched Wafer Zones. Perched water occurs where variations in permeabilities result 
..- _^.___^.^ > in b,j~i,tiiiii~~ ja;uiaied :ei,j~ -Eli:, “,w~~u,~,su ~r,diiiO-ilj abO\re and ‘~iow (Fre~zr and 

Cherry 1979). These saturated conditions can vary temporally and spatially, since they are affected 
by variations in recharge events. For the RI/IS program, as in recent work at the SDA 
(Hubbell 1989). perched groundwater will be discussed only for those zones in which standing water 
cap. be monitored ip. a niermwter nr we!!. per&+ water -~nn~c I.. rldinzxl nhn.x= hs.w n-l., hoen r .---...-_- _ -_ -..-) I” --.... “_ ---.-, ..“,_ - . . . . Y-.l 

encountered in six of the wells drilled at the RWMC (Figure 2-36) and conditions in several of these 
wells have been observed to vary. 

The intervals of 80-100 ft and 180-220 ft below land surface seem to have the highest potential 
for perched groundwater (Hubbell 1990). However, the saturated intervals are not laterally or 
vertically extensive and contain relatively small volumes of water. Hubbell (1990) reports recharge 
rates of 200 to 800 mL/mo for the one well (Well 92) which is monitored regularly. 

Subsurface investigations were conducted to identify potential pathways and rates of migration 
of radionuclide wastes from the SDA (Barraclough et al. 1976, Burgus and Maestes 1976, Humphrey 
and Tingey 1978, and Humphrey 1980). Several boreholes were drilled in the course of these 
investigations and wet or saturated zones were encountered at various depths. Standing water was . . . . . . _^ ^-^ * . . --. . . -- ^ encounterea m wen x at LrL rt an0 m wen I I-L at 87 ft. However, perched water was suspected 
in the following boreholes: 76-l at 30 ft; 76-5 at 30, 85, and 95 ft; 76-6 at 65 ft; and 77-1 at 230 ft. 
Technical difficulties encountered during drilling prevented the field personnel from determining 
whether or not the wet zones were indeed perched water zones. The locations of these boreholes 
nr.2 .hr\.v” nn lxn.*m 7 26 Y&l “,I”-,, “a, a ,S”L’ A-J”. 

The lateral extent of perched groundwater in the SDA is known to a limited extent. Seven of 
45 wells drilled at the RWMC have detected perched groundwater. Two wells have detected standing 
water at approximately 85 ft below land surface with the remainino wellr detectino atandino water a! ~~~. ~~.. .-...- _ ~~-..- 0 --------- D ..---- 
varying depths between 180 to 220 ft bls. There is some evidence that water may be traveling from 
the spreading areas toward the SDA at approximately 220 ft depth (above the 240 ft interbed). The 
water level in Well 92 is shown in Figure 2-37. This is the only perched water well that has been 
actively monitored. Rapid decreases in the water level (Figure 2-37) reflect when water was removed 
for analyses. This water level shows the influence of being sampled over 23 times. Hubbell 1989 
discusses water level fluctuations in this well by greater detail. This data suggests that the water level 
recovers slowly following sampling and that the water level in this well does not get any higher than 
approximately 4,800 ft. To provide further information on the spatial distribution of the perched 
water zones, three additional confirmatory boreholes were drilled in 1978 (Humphrey and Tingey 
1978). These three boreholes included Wells 78-2, 78-3, and 78-S. Well 78-2 was installed in the 
northeast section of the SDA, Well 78-3 was drilled to the east of Well 76-5; and Well 78-5 was 
located west of Well 92 (see Figure 2-38 for borehole locations). All three boreholes failed to 
intercepi any perched water zones. 

Water infiltrates into the subsurface at or near the SDA by a combination of mechanisms, 
including direct precipitation, seasonal runoff of snowmelt, and infrequent flooding events at the 
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Figure 2-38. Population distribution centered near the SDA 
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diversion areas of the Big Lost River. It is not well established which of these mechanisms has the . . 1_^^^1 greaiest effect on ihe occurrence of perched groundwater. Hubbell (rrar) Indicates that seasonai 
runoff of snowmelt has the greatest potential for substantial recharge, because of the large volumes 
ofwater and the low potential for evapotranspiration. However, Rightmire and Lewis (1987) propose 
that the perched groundwater observed beneath the SDA was primarily due to lateral flow of water 
inmtr.tinn ts.m..nl3 *I%,3 A&m+&... o*a*c. s..x,.A nn rt.3l.L ;.,.*,...a onA rl..m.Grol A”,” . . . . . . . . I . . . . 6 . ..LYY6.. . ..” “..-I”.“.. Y.r..“( YYY”” “.A YLY”,” ““,“p. ..I,” .,,,~.‘l>.a., ““I”. 

2.2.8 Demography and Land Use 

2.2.8.1 Population at the !NEL The INEL emnomica!!y influer?e~ n_ !a_rge area_ nf 
southeastern Idaho, primarily the sixcounties of Jefferson, Madison, Bonneville, Butte, Bingham, and 
Bannock. Population growth since the 1980 census has varied for these six counties. The highest 
growth rates have occurred in Madison and Jefferson counties, and a loss of population has occurred 
in Butte County. Tbe 1980 county population, projected 1989 county population and percent change 
for the six primary counties and other counties within a 50-mi radius of the INEL are shown in 
Table 2-10. In general, many counties experienced either a rapid increase or decrease after the 
mid-1980s and then a slower but gradual increase after the mid-1980s. Population density by county 
is shown in Table 2-10. 

In FY 1989,.the INEL employed an average of approximately 10,378 persons with 7,610 working 
at Site facilities and the remainder at facilities located in Idaho Falls (Table 2-11). Approximately 
99 employees work at the RWMC daily over a 24-hour period on a four day work week. These 
personnei support ongomg operairons ai the SD& TSA and Stored Wasie Examination Piiot Piant. 

The greatest human traffic near the SDA is found at the Experimental Breeder Reactor No. 1 
(EBR-l), which is located almost 2 mi to the northeast of the SDA EBR-1 is a museum open to 
&itap” &fi.p.n ,hP CllmmPr mnnthc A”nrnvim.+Pl” I” ‘ix2 n%=nnle vi&,4 FRP-1 in ,052, ~ . ..- I -......-. . ..-..... I. .-r =.-,-... I’-.J --,- ,I r--r’- ..“..-~ --_. _ . . . ._-,. -&p main 
access to the INEL is U.S. Route 20, which runs across the INEL from southeast to northwest. 
Vehicle access to EBR-1 and the SDA are via a road off U.S. 20, 2.5 mi northeast of EBR-1. The 
closest U.S. Route 20 approach to the SDA is approximately 3-l/2 mi to the northeast. 

2.2.6.2 Surrounding Populations. In 1985, a computer code was developed by the 
Radiological and Environmental Sciences Laboratory of DOE-ID for estimating population 
distribution within an 50 mi radius of INEL facilities. The baseline location population was 
determined by using 1980 census data and 7.5-minute USGS quadrangle maps. Dwellings were 
located on the topographical maps and assigned an average of 3 residents per unit based on the 1980 
census household size for southeast Idaho. A population estimate was entered for each section (one 
square mile). Exact city and town populations were entered in the appropriate sections. The 
estimate was then adjusted to match census division totals. The number of persons per section was 
entered into a data base file. Population is, therefore, assumed to be uniform across each section. 
The code reads the file by geographic coordinates and calculates the population within 22.5-degree 
radiating sectors that are divided into 16-km (IO-mi) increments for a total of 80 sections 
(Figure 2-38). 

The results of this computer code formed the basis (baseline) for population projections for the 
INEL. The total population figure for each individual section was updated. Population projection 
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Table 2-10. County population surrounding the INEL.’ 

County 
Square 
miles 

1980 
population 

1989 projected Population per 
population square. mile Percent change 

Bannock 1,112 

Bingham w9+3 

Bonneville 1WCJ 

Butte 2,236 

Jefferson 1,093 

Madison 468 

Blaine NA 
Clark NA 

Custer *. NA 

Lemhi NA 

Power NA 

__ .-. 65,421 71,374 

36,489 40,333 

65,980 14,645 

3,342 3,182 

15,304 17,505 

19,480 23,493 

Other counties within 50-mi radius 

9,841 13,114 

798 73 

3,385 5,194 

7,460 1,314 

6844 6,858 

64.2 9.1 

19.2 10.5 

40.6 13.1 

1.4 -4.8 

16.0 14.4 

50.2 20.6 

NA 36.1 

N A -10.4 

NA 53.4 

NA -1.2 

NA 0.8 
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Table 2-11. Employment hv area for the INEL during FY 1989. 

Area Average employment 

Argonne National L&oratory-West 736 

Central Facilities Area 1,098 

Idaho Chemical Processing Plant 1,531 

Naval Reactors Facility 2,181 

Waste Experimental Reduction Facility, 106 
Power Burst Facility, and Special Power 
Excursion Reactor Test 

Test Area North 745 

Test Reactor Area 508 

Radioactive Waste Management Complex -99 

*, Total 7,610 
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by county for 1989 was obtained from the Idaho Department of Employment, Bureau of Research 
^__I A-...-:_ a1111 mla?yals. 

There are no permanent residents at the INEL (EG&G Idaho 1981). Figure 2-38 presents a 
population summary in the INEL vicinity based on the 1980 census. From Sectors lo-12 in 
Finllr..= 7.w ,h+v,= ml,, be a$ lnap.y as 535 n,annle I&&.” rln..“.“m&n..t IAnGnnrl I1c +I.- .r\..+!“...nrt - .~--- - --, . ..-.- . ..“. y--y.” . . . . . . 6 ““...,6.““.‘.X. (““,n’IY “Y &,I.. Y”ULIl”WL 
direction of regional groundwater flow) of the SDA All these people live more than 32 km (20 mi) 
from the SDA 

The SDA is in Butte County. which includes the majority of the western portion of the INEL. 
The total Butte County population is 3,342. Arco is the only major town in Butte County and it has 
1,241 residents. The county population density is 1.4 persons/mi2 (see Table 2-10). 

The closest towns to the SDA are Butte City (population 93) and Atomic City (population 141). 
Butte City is approximately 12 mi to the northwest and Atomic City is approximately 12 mi to the 
southeast of the SDA. Neither town is located downgradient of the SDA. 

2.2.6.3 Surrounding Land Use. The INEL has been committed to energy research and 
deveiopment and was designated a National Environmental Kesearch Park in 1975. Approximately 
95% of the 89Q..mi2 area has been withdrawn from the public domain. The remaining 5% is 
controlled by the DOE. A series of Public Land Orders dating to 1946 has established the present 
uses of the INEL. Lands originally under the control of the Bureau of Land Management were 
. ..zrLrl-^..- Fe-- .L^ -..I.,:,. -I--^:- __--I-_ .L--- -_:--:--I n..LI:- T --A c--J.-. C(:-~ ..I~-~~ 7. ,~a.~ I > ~IIII~L~~II uutu ~11~ puw u~mmu uuw:l LIIISG pmqm ruuuc umu v~utxs. ax wner ruouc mnu 
Orders pertaining to INEL lands have been issued. These orders primarily concern the managerial 
transfer responsibilities (Bowman et al. 1984). Land in Sectors IO-12 downgradient of the SDA (see 
Figure 2-39) is predominantly controlled by the Federal Government (DOE and the Bureau of Land 
Mangom,ent\ .nd the St&e nf I&&n. nnlv ahnnt Aol, ir nrivate IRnurm.n at nl lOQd\ a-------- , ---- ---- ----J ----_ “_ - IT------ \--..... I.. -. I.. __ -.,. 

Approximately 330,000 acres of the INEL are open to grazing by cattle or sheep. Figure 2-40 
presents a map of grazing areas relative to the RWMC and the SDA These areas at the INEL are 
mutually agreed to by the DOE and the Department of the Interior. Grazing permits are 
administered through the Bureau of Land Management. Grazing is prohibited within 2 mi of any 
nuclear facility and livestock populations are controlled. No dairy cows are allowed in the area 
(Bowman et al. 1984). 

Crops grown in Sectors lo-12 within 50 mi of the INEL include alfalfa, hay, and grains (Bowman 
et al. 1984). Livestock in these sectors, approximately 22,000 animals, include cattle, beef cows, and 
sheep; no dairy cows are raised in these sectors (Bowman et al. 1984). 

--- -. 
z.z.7 wota 

2.2.7.1 Flora. The 500,000 acres of the INEL are located on the eastern end of the basaltic 
Snake River Plain in a desert community that is typical of the Great Basin Region. This area is 
.a--: _^.^ -I L.. L>- ^^__L____L -_^-- _^LL:. L-.-L <l..^L.._-L . ..L--.----. ““IIIIII(IIcu “y v,g aazgG”L”ar., g*urr La”“ll “Lu;*‘l, “I”G”“IIGI1 wrlcargrass, and Indian nccgrass 
(McBride et al. 1978 and Cholewa and Henderson 1983). The INEL is a mosaic of over 20 
vegetation communities and almost 400 plant species (Table 2-12). Sagebrush provides the largest 
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Figure 2-39. Land ownership surrounding the INEL. 
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Figure 2-40. Permitted grazing areas at the INEL. 
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Table Z-12, Representative plant and a&m! species a! the DEL.’ 

Common name Scientific name 

Flora 

Cactacea (cactus family) 

Pin cushion cactus 

Chenopodeacea (Goosefoot family) 

Winterfat 
Shadscale saltbush 
Nuttall saltbush 

Composiiae (Composiie oi Sunfiower famiiyj 

Big sagebush 
Low sagebush 
Rabbitbrush 
Hawksbeard 
Yellow sakify 
Wild lettuce 
Thistle 
Gray horsebrush 
Dandelion 

Cruciferae (Mustard family) 

Biadder pod 

Cupressaceae (Cypress family) 

Juniper 

Cyperaceae (Sedge family) 

Sedge 

Gramenaee (Grass family) 

Bluebunch wheatgrass 
Thickspike wheatgrass 
Crested wheatgrass 

Indian ricegrass 
Neddle-and thread grass 
Squirreltail grass 
Blue grass 
Great Basin wild rye 
Wild barley 
Cheatgrass 

Corypantha missouriensis 

Ceratoides lanata 
Atriplex conferfifolia 
Atri@x nuttalli 

Artemisia hidentata 
Artemisia arbuscula 
Chrysothamnus spp. 
crepis spp. 
Tragopogon dubius 
Lactuca sem’ola 
Cirsium spp. 
Tetrad)vnia canescens 
Taraxacum oficinale 

Lesquereiia idngii 

Junketus spp. 

Scipus spp. 

Agropyron spicahcm 
Agropyron dasystachyum 
Agropyron cristatum 
d,unmw”* &~m+nnrm “*a,“YI’,V,.YI”I,.“IU,,. 
Oruzopsir hymenoides 
Stipn comata 
Sitanion hystrk 
Poa SpP. 
Elymus cinereus 
Hordeum jubatum 
Bronius tectorum 
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Table 2-12. (continued). 

Common name 

Hydrophyllaceae (Waterleaf family) 

Phaceiia 

Juncaceae (Rush family) 

Rush 

Leguminosae (Pea family) 

Painted milk vetch 
Wooly pod milk vetch 
Mik vetch 
Milk vetch 

Polygonaceae (Buckwheat family) 

&y<heca 

Salicaceae (Wiltow family) 

Willow 
Pl.4”. mttr.n%.r~s.A _ .“...” -..“.I..““” 

Scophulariaceae (Figwort family) 

Speedwell 

Typhaveae (Cattail family) 

Cattail 

Scientific name 

Phaceliu inconspicua 

Juncus spp. 

Astrugulus ceramicus 
Astrugulus purshii . .- Astruguius gmfrorur 
Astragulus kentrophytu 

a . . vxyrnecu dendroidea 

Slllix spp. 
popu/iij de;f&& 

Veronica sp. 

TVpha lutifolia 

Fauna 

Amphibians and Reptiles 

Anura (Amphibians) 

Great Basin Spadefoot toad 

Squamata (Reptiles) 

Short-homed lizard 
Sagebrush lizard 
Gopher snake 
Western rattlesnake 

Birds 

Ciconiiformes (heron, bitterns, and relatives) 

White-faced ibis 

spcu irmmtD.ntunn 

Phymosoma douglassi 
.$celopnms ,wuchtrr 
Pituphis melanoleucus 
Crotulus vi&s 

Plegudis chilhi 
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T a b ! a  2 - !  2 ; ( C O n ! i n U e d  j .  

C o m m o n  n a m e  

A n s e ri fo rm e s  (d u c k s ) 

M a l l a rd  
P i n ta i l  
A m e ri c a n  w i d g e o n  
N o rth e rn  s h o v e l e r 
A m e ri c a n  g re e n -w i n g e d  te a i  
R e a d h e a d  
L e s s e r s c a u p  
C o m m o n  g o l d e n e y e  
B u ffl e h e a d  
R u d d y  d u c k  
H o o d e d  m e rg a n s e r 

F a l c o n i fo rm e s  (h a w k s  a n d  fa l c o n s ) 

@ p re y  
B a l d  e a g l e ” 
F e rru g i n o u s  h a w k  
R o u g h -l e g g e d  h a w k  
R e d -ta i l e d  h a w k  
S w a i n s o n ’s  h a w k  
G o l d e n  e a g l e  
M e rl i n  
P e re g ri n e  fa l c o n  
G y rfa l c o n  
P ra i r i e  fa l c o n  
A m e ri c a n  k e s tre l  

G a l l i fo tm e s  (g ro u s e  a n d  p h e a s a n ts ) 

G ra y  p a rtri d g e  
C h u k a r 
R i n g -n e c k e d  p h e td s a n t 
B l u e  g ro u s e  
S a g e  g ro u s e  

G ru i fo rm e s  (ra i l s  a n d  c o o ts ) 

A m e ri c a n  c o o t 

C h a ra d ri i fo rm e s  (s h o re b i rd s ) 
T  ̂ -” IL ,,-,4  ̂ ....I^ ... L u ”~ -“u l c ’ C U L IU W  
C o m m o n  s n i p e  

C o l u m b i fo rm e a  (d o v e s  a n d  p i g e o n s ) 

M o u rn i n g  d o v e  

S c i e n ti fi c  n a m e  

A n a s  p l u ty rh y n c h o s  
A n u s  n c u ta  
A n u s  a m e ri c a n n  
A n a s  c l y p e u tu  
A n u s  a c u tu  
A y th a  a m e ri c a n a  
A y th y u  u ffi i s  
B u c e p h a l u  c l a n g u l a  
B u c e p ,h a ;u  o ;b e o l u  
O z y u ru  j u m o i c e n s i s  
M e rp s  s tre p e ru  

P a n d i o n  h a l i u e tu s  
H a l i a e e tu s  l e u c o c e p h a l u s  
B u te o  re g a l i s  
R u te o  h g q m  
B u te o  j u m a i c e n s i v  
B u te o  s w i n s o n i  
A q u i l u  c h ry s n e to s  
F & o  c o l u m b u ti u s  
F & o  p e re g ri n u s  
F & o  ru s ti c o l u s  
F & o  m e & a n u s  
F & o  s p u w e ri u s  

P e rd i v  p e rd i x  
A l e c to ti s  c h u k a r 
P h a s i u n u i s  c o i c h i c u s  
D e n d ru g u p u s  o b s c u ru s  
C e n tro c e rc u s  u ro p h a s i u n u s  

F u l i c u  a m e ri c a n a  

& & m e i i ~ m  a m i e rj c o n i i i  
G n l l i n u g o  g u l l i n u g o  

z e ,n o .& .” ,,.“C ,“U I” ;A ” ..a ”> .,,.,..” 
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Table 2-12. (continued). 

Common name Scientific name 

Striniformes (owls) 

Burrowing 0wi 
Long-eared owl 

Passeriformes (perching birds) 
rl-~~ nomed iark 
Barn swallow 
Black-billed magpie 
American robin 
c.n.3 +hwx.har ““6” ..ISYY..II 
Brewer’s sparrow 
Sage sparrow 
Western meadowlark 
Brown-headed cowbird 

Mammals .,, 

Chiroptera (bats) 
w .._. ~mte brown bat 
Long-eared bat 
Small-tooted myotis 
Big brown bat 
T,...m.c.nA’r I.;” O”rnA I.e.* I”-.IYIuY Y “n(j-U”Ib.4 vm. 

Lagomorpha (rabbits) 

White-tailed jack rabbit 
Rl~rkf~ils=rl ia& nhhit I._-- .I ..--, II.. .I --.. 
Nuttal cottontail 
Pygmy rabbit 

Rodentia (rodents) 

Yellow-bellied marmot 
Townsend’s ground squirrel 
Richard’s ground squirrel 
Least chipmunk 
Great Basin Pocket mouse 
Ord’s kangaroo rat 
Western harvest mouse 
Deer mouse 
Northern grasshopper mouse 
Bushy-tailed wood rat 
Montane vole 
Sage vole 
Pocket gopher 

Athene cunicularia 
Asio otus 

Eremophiia aipeshis 
Hirundo rustica 
Pica pica 
Turdus migratorius 
A”̂ ^^^^..‘“” _^_‘“_..^ “Ic”*(.“yI~~ rrrurr,urruJ 
Spizella breweri 
Amphirpiza belli 
Stumella neglecta 
Mnlnthmr n+or .._-_- _... - ___. 

Mjotis iucifugus 
Myotis evotis 
Myotis leibii 
Eptesicus fuscus 
rJl^^^‘..^ .^.... _^^._ >>I I LCl.“LIw I”w,m‘s,KuI 

Lepus townsendii 
I nn*,r ““m-m..&..,” Yyn.., C..,,,“,,LLCLW 
Sylvilagus nuttallii 
Sylvilagus idahoensis 

Marmota jlaviventrk 
Spermophilus townendii 
Spermophilus richardsonii 
Eutamias minimus 
Petgmathus patvus 
Dipodomy ordii 
Reithrodontomys megalotic 
Peromyscus maniculatus 
Onuchomus Ieucogaster 
Neotoma cinerea 
Micro&s mantanus 
L~~WUS curtatus 
Thomomys sp. 
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Table 2-12. (continued). 

Common name 

Carnivora (carnivores) 

Badger 
Bobcat 
Coyote 
Long-tailed weasel 
MOiliiiaiii iioti 
Spotted skunk 

Artiodactyla (even-toed ungulates) 
If..&” A--r I.‘“,” UbCL 
Pronghom 

Scientific name 

Taridea tanls 
LF rufus 
Canis 1atrnn.v 
MusteIn frenntn 
Feiis concoior 
Spilognle grncih 

~&&~eus her”ioiiiiiij 
Antilocapnrn americnna 

a. Based on surveys of the INEL performed by EG&G Idaho, and Arthur et al. 1983. 
. . 
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habitat on the INEL and is important to many animal species. Juniper communities occur in the ~--~~..~~~- -P .I 
iic3iihT%i and souiheast poruons ot tne iNEL (Figure 24ij. Tnese communities are generaiiy 
associated with increasing elevation and are found near East and Middle Buttes and in the foothills 
of the Lemhi Range. Although these communities are restricted in their distribution, they provide 
important nesting habitat for raptors (Craig 1989) and are used by a variety of passetines. 

Crested wheatgrass seedings are common throughout the INEL. These have flourished on the 
INEL since the 1950s when they were planted on disturbed sites (Marlette and Anderson 1983). A 
grass community dominated by Indian ricegrass also occurs in a relatively narrow band near the 
eastern border of the INEL. Previously an old bum site: it contains other disturbance species such 
as needle-and-thread, squirreltail, halogeton, and Russian thistle, which probably colonized the area 
after the bum (Cholewa and Henderson 1983). 

Irrigated farmland intersperses with sagebrush habitats and borders much of the INEL. Much 
farmland is planted with alfalfa, but fields of wheat, potatoes, and irrigated pasture are also planted 
(Gates 1983). These areas are used extensively by a number of passerine species, as well as by four 
species of game birds: mourning doves, pheasants, gray partridge, and sage grouse. About 37% of 
the INEL is grazed by cattle and sheep. 

Aquatic habitat c,:!i the INEL consists of evaporation and percolation ponds known as sinks or 
playas, which are located at the termination of the Big Lost River. Plains cottonwood is the primary 
tiparian species that is sparsely distributed along the river flood plain. Four of the sinks or playas 
ihat Ed in the aica have i,Ot coi,iaii,ed water ji”ce at ;e~i i9~. Two of these areas contained 
water in 1967, 1970 to 197.5, and 1982 to 19%. A third area was flooded in 1969, 1971, and 1983, 
while the fourth has been dry for at least the last 20 years. When flooded, littoral plants in these 
areas have included thistle, speedwell, wild lettuce, cheatgrass, wild barley, and willow. Sedges, 
cat!at!s, and rushe-s are common m.--,.., armnhvles. Sma!! ____.. m.n.mq& nnnrl. nnnmv;mntnh. In G +A n “r-e”\ rV....Y ..yy ..,,.....“.-., \“.d L” 7 “‘Lb.,, 
occur at several INEL facilities and receive some use by waterfowl (Halford and Markham 1983). 

Common plant species occurring at the INEL are in Table 2-12. All plant species identified 
have been compiled in a computer data system (Floyd and Anderson 1983j and additional plant 
summaries are available for the site (Shumar 1983 and Floyd and Anderson 1983). 

No plants on the Federal list of endangered or threatened species have been observed on the 
INEL (Cholewa and Henderson 1983). Astrngnlus ceramicus var. npus and A. purshii var. ophiogenes, 
were previously under review for threatened or endangered status. They were dropped from the 
Federal Review List because they were more abundant than previously believed (Federal Register 
1983). It was once thought that this species occurred at the INEL. However, further study revealed 
these plants had an unusual color morphology as compared to A. purshii var. glnreos&‘. Thus, A. 
pursiaii var. ophiogenes has not been positiveiy identified at the INEL. 

Four species, currently listed on the State Watch List, occur at the INEL including Corypantha 
missouriensis, Gymnosteris nudicntilis, Oxtheca dendriodea, and Lesquerella kingi? (Chowela and 
Henderson i983::; and Idaho Rare Plant Meeting, March 25, i989j. Piants on the idaho State “Watch 

b. Private communication with D. Henderson, University of Idaho Herbarium, Moscow, Idaho, 
June 30, 1989. 
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INEiL Soundary 

Slg sagabrustvbk~ebunch wheatgrass/green rabbllbrush 

Big sagebrush!green rabbllbfflehreotilebrush squkrellall 

Big eagebn&lhlcksplke whaatgrass/needle.end-thread grass 

Elg sagebrushMnter(aVgrean rabbitbrush 

Sg sagebrus~,nte~a~allsaltbush 

Slg sagebrush/saltbush/green rrbbllbrush 

Slg sagebn&lndlan dcegrasalneedla-and-kread grass 

L&r sagebmshmlg sagebrusW:;allbush 

Low sagebrusb4sallbush/bottl&rush Squlrralt;all 

Crested Whealgrass (seeded) 

Bluebunch wheatgrastihreetlp sagebrosh/grgneen rabbitbrush 

Western whealgr;aslpoverty-3e~Nsh 

lndl,an rlcegrass/green rabbltbntshlprlckly pear caclus 

Giant wildryalgreen rabbitbrushfbig sagebmslh 

Utah lunlpedblg sagebrushblue wheatgrass 

Gray horsebrush&raen rabbilbrustilg sagebrush 

Green rabbllbrusttilg sagebrus~Wgra.ss 

SellbusNwlnterlal/lndian rlcegrass 

Mlxad shrubs 

Figure Z-41. Vegetation distribution at the INEL. 



List are considered rare and of special interest in Idaho, but their populations are not in jeopardy 
as ihey may be common elsewhere (Clnoweia anti Henderson i983 j. C. mi.rsosourien& was found on 
a sample site in the northwest comer of the INEL at the head of a small side canyon in the southern 
Lemhi Range. No immediate threats to this population were identified at the INEL (Chowela and 
Henderson 1983). Four distinct populations of G. nudicatulis were found in the southwest corner. 

. .._^ ̂ _ ^^-A.. -:I. ^_ .L__:.l_ _C^ ..-I__-:- ---- Ir.-*.~~~- T!XCXZWS:~ 0:: a gZVC!!f StJbStiate ZXI OX w-a vu mauuj-*III vu Lus D1uc VL a VUIL;mllG WUG (LflUlCWil 
and Henderson 1983). All locations were inside the no-grazing boundaty at the INEL. Potential 
threats to these include loss of habitat due to gravel extractions. Most populations were found on 
flood plain gravels with one occurring next to an active gravel pit (Chowela and Henderson 1983) 0. 
dendroidea was found at eight !ocatinnr in shady areasj pri:mati!y irr. !he snuth-centrsl! pertian of the 
INEL site. No apparent threats to these populations were identified (Cbolewa and Henderson 1983). 
In addition, L. kingii was observed at three locations in the southeast section. No apparent threats 
to these populations have been identified (Cholewa and Henderson 1983). Additional information 
on these species is presented by Bowman et al. (1984) and Cholewa and Henderson (1983). 

2.2.7.2 Fauna. A diverse insect population consisting of at least 150 families and 14 orders 
occupies the INEL rangeland ecosystems (Stafford and Barr 1983). Insects are essential components 
of complex food chains. They are involved in decomposition of plant and animal material, pollination, 
aeration, and soil turnover (Halford 1981, Stafford and Barr 1983, and Stafford 1984). One 
amphibian and nine reptilian species occur, the more common species are listed in Table 2-12. 

At one time or another during a typical year, 159 bird species are found on the INEL, and 14 
addiiionai species have been iisted as possibnie occurrences (Arthur et ai., in pressj. Twenty-nine 
species of game birds have been recorded on the INEL, which provides important wintering and 
breeding habitat for this species (Connelly 1982 and Connelly and Ball 1983). The pheasant, gray 
partridge, chukar, blue grouse, and mourning doves are uncommon; only one observation of a blue 
gTo”cp b*- &.a.. .~..,Y.,‘4 ,T” *l.z. TNTCT Y-s. “y’Y.L.4 “11 Lllb 1I.k”. ‘Q~i~iona] game sp&a a: the I>gTL ars ;tik& in 
Table 2-12. 

Sixty-nine species of passetines have been recorded on the INEL (Arthur et al., in press). The 
most common species include the horned lark, black-bi!Ied magpie, .Atterican robin, sage thrasher, 
Brewer’s sparrow, sage sparrow, and western meadowlark (Table 2-12). These species occur 
throughout the INEL. The sage sparrow, Brewer’s sparrow, and the sage thrasher are the most 
common nongame bird species breeding on the INEL (Peterson and Best 1983). 

The INEL is an important nesting and wintering area for 22 species of raptor’s. American 
rough-legged hawks, American kestrels, prairie falcons, and golden eagles are the most abundant 
raptors observed on the INEL during the nonbreeding season. During the winter of 1981-82, most 
observations of raptors at the INEL included American rough-legged hawks (555 observations) and 
golden eagles (208 observations) (Craig et al. 1983). The most abundant breeding raptors on the site 
are American kestrels and long-eared owls (Craig 1979). Most raptor nests are restricted in 
distribution and are located in deciduous trees along the Big Lost River and in Juniper stands near 
Kyle Canyon in the northwest portion on the INEL or near twin Buttes to the southeast. Additional 
raptors occurring at the site are indicated in Tabie 2-i2. 

Eighteen of the 37 mammal species at the INEL are rodents (Arthur et al., in press). The 
Townsend’s ground squirrel, least chipmunk, Great Basin pocket mouse, Ord’s kangaroo rat, western 
harvest ~wuse, deer mouse, bushy-ki!cd weed ;a:, and :be ixm:aiie vok arc the iiiost amuiion sina:: 
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animals on the INEL. These animals are also relatively common throughout sage brush regions of 
ihe intermouniain ‘*est. Additionai mammais occurring at the INEL are indicated m Table Z-12. 

Five species of bats occur in the lava-tube caves on and adjacent to the INEL (Table 2-12). 
The small-footed myotis and Townsend’s big-eared bat hibernate on the Site while the remaining bat 
r.,n,.;n. .,._ ,.~“.:rl~.~A . . ..“..“r-.... 11x^-LL-- rn0-n “y.e.W “a.. \NB,.m”C,C” ,,,,~AoLYLy ~‘*Ialnul‘a.ll‘ ‘70,,. 

Four species of leporids occur on the INEL: black-tailed jack rabbits, white-tailed jack rabbits, 
Nuttal cottontails, and pygmy rabbits (Table 2-12). All but the white-tailed jack rabbits are 
considered abundant. In addition. six nnecies of cnmivnrm ocx~~ on the TNIT. nf thece the ~mmt~ ~~~~ ~~~ ~~.~~~..._.., .-.. r -..-. -_ _--.-..---- ---- _ -._ _..- -_ .--. -_... - -,...- - ,-.-, 
long-tailed weasel, and the badger are considered common (Arthur et al., in press). The bobcat 
ranges throughout the INEL but is generally uncommon. The mountain lion is considered rare. The 
spotted skunk is generally uncommon, but can be found in basalt outcrops. 

The INEL supports resident populations of mule deer and pronghom. Mule deer are 
considered uncommon and are generally concentrated in the southern and central portion of the 
INEL. They occur in greater numbers on the buttes and mountains surrounding the INEL. 
Pronghorn are found throughout the INEL and are generally considered abundant (Arthur et al., in 
press). Most pronghorn in southeastern Idaho are migratory (Hoskinson and Tester 1980). During 
winter months, 4,500 to 6,000 pronghorn, or about 30% of Idaho’s total population, may reside on 
the INEL. In addition, elk (Cervus elaphus) may be expanding their range into the INEL, as 
indicated by the recent increase in elk sightings (Markham 1987). 

The bald eagle and the American peregrine falcon are the only species observed on the INEL 
that are classified as Federally-endangered. A total of 65 observations of bald eagles were made at 
the INEL during the winter of 1981-1982 and 17 eagles were observed roosting in Howe, just west 
Qf the Ilqgd (Craig pt a!. 1gq. n&j epnl.- rn..n+r I.?--‘= mnA..rt-A ,...CP nna. .,&.a- A..l’“” -:A ..-..+a. 6.v -_..... ,,.,-- .,.,..““W.WU “.a- ““I.. J’UL ““LU,& ,,,, U-n 111, I, 
surveys are as follows: 4 (1983), 3 (1984) 2 (1985), 5 (1986), and 1 (1987) (Markham 1987). No nest 
sites have been reported in the area. The peregrine falcon has been obsetved infrequently on the 
northern portion of the INEL (Arthur et al., in press). The population status, roosting requirements, 
and dispersal of this species is currently being studied at the INEL and results of these studies wi!! 
be presented in future publications (Markham 1987). 

Several species of wildlife observed on the INEL are of special concern to the Idaho 
Department of Fish and Game (Gleisner 1983) and the Bureau of Land Management. These species 
include the ferruginous hawk, merlin, osprey, burrowing owl, white-faced ibis, long-billed curlew, and 
bobcat. However, only the ferruginous hawk, burrowing owl, long-billed curlew, and bobcat occur 
regularly on the Site. 

The INEL lies within the Pacific and Central Flyways used by a variety of migratory songbirds, 
waterfowl, and raptors. Most ducks use the INEL man-made ponds and flooded playas as resting 
areas during migration, and therefore, may act as important vectors in transporting contaminants 
accumulated across aquatic trophic levels (Halford and Markham 1983). In addition, each of the 
_._.__.___ 1.. :- .L- --.. Irn.L.. m .n\ :-I.. -1 rap~or specrw m ~rrt: area c lame L-IL) w rm~ery to migraie or undergo seasonai movements across ihe 
INEL. Consequently, raptors could also act as a significant pathway for transport of radionuclides 
or other contaminants across terrestrial trophic levels and may be important in dispersing 
contaminants out of the INEL. 
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2.2.7.3 lmpotiant Wildlife Habitats. Important habitats are those that are necessary for 
maintaining a viable wtldlite popuiation, or which have a iimited distribution on the iNBL and couid 
thus be eradicated by perturbation (e.g., a fire). Because many wildlife species on the INEL are 
sagebrush obligates, either directly or indirectly, all sagebrush habitats within the INEL are considered 
important. However, the northern end of the INEL contains interspersions of low sagebrush and big 
sage’or,& habitnaG (&~&ide ei a;. 1978 and Conne::y 1982) tha; pio~jde &ica! .,+ter and sp;ing 
range for sage grouse (McBride et al. 1978) and pronghorn (Hoskinson and Tester 1980). 

Juniper communities on and adjacent to the INEL are important to nesting raptors (Craig 1979) 
ap.d sp-era! sn~~i~. nf cnnnhidr r-l.v” “. “u..b.,..-. The Rio I nat River sinks nrnvide wetlands in an area where this ~ _-_. __..__ _.____ r.-..-- 
habitat type is generally lacking. When water is present, the sinks are used by a large number of 
waterfowl and shorebird species (Arthur et al., in press). The relatively limited areas of these habitats 
and their importance to wildlife suggest that they should also be considered important. In addition, 
the limited and dispersed plains cottonwoods provide essential nesting locations for numerous raptors 
at the INEL. 

2.2.7.4 Microbiology. The microbial populations within the soils and effluent ponds of the 
INEL have not been investigated or characterized, although one study conducted by Colwell (1988) 
addressed the surface and subsurface microbiology at the RWMC. Microscopic counts of subsurface 
bacteria were lower than similar counts performed on RWMC surface soils. Analyses of biologically 
relevant gases in the unsaturated subsurface near the RWhIC indicated an environment capable of 
sustaining aerobic activities of many microbes. While denitrifying and methanotrophic bacteria are 
apparently absent from the 230-it interbed sediments, both groups exist in the RVVMC surface soiis. 
Methanotrophic bacteria have been known to degrade low molecular weight halocarbons (Bouer and 
McCarty 1983). 
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